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1. SU M M A RY 
The efficacy of olarization in weed control under field conditions of the united Arabs 
mirate (DAE) was evaluated b_ conducting field experiments in a farm near AJ­
Ain. The soil of the fann was artificiaUy infested with seeds of the following weeds: 
Anzaranthu viridu, A. hybridus, Cenchrus ciliaris, Chenopodium murale, Launea 
mucronafa, Malva parvijlora, apsella bursa-pastoris, Echinochloa colona, 
Portulaca ol�racea, and Me lilo f us indica. The soil was plowed, rotovated to provide a 
mooth surface and divided into 12 raised plots, lOx 1 m each: seven were solarized 
and five non-solarized. Soils were solarized with 75 mum transparent polyethylene 
sheets for a period of two months (June 10 to August 10, 2003). Soil samples were 
collected after soil solarization and analyzed for major macro- and micro-nutrients. 
After solarization, cabbage seedlings were transplanted in the experimental plots on 
October 5� 2003. with minimum soil disturbance. according to the standard methods 
of cabbage cultivation. The effect of solarization on weed disinfestation was 
determined by collecting the available weeds in both the solarized and non-solarized 
plots after 60 days of cabbage transplantation (15 days before the final harvesting of 
cabbage). Different weedy species were separated, counted and their dry weights were 
estimated. The effect of soil solarization on cabbage yield was evaluated by 
estimating the average head weight and total fresh weight of cabbage per acre. 
The results indicated that population density and dry weight of most of the 
recorded weedy species were significantly affected by soil solarization. L. mucronata, 
C. bursa-pastoris and E. colona were completely absent in the solarized plots, 
indic.ati.ng that these species are most sensitive to the solarization process. Out of the 
total 10-recorded species, the densities of seven species and dry weights of five 
species were significantly lower in the solarized plots as compared to the control. 
olarization did not ignificantly affect frequency of occurrence, population density 
and the dry weight of P. oleracea and dry weight and frequency of occurrence of M 
indica, indicating that these species are more resistant to solarization than the other 
species. 
olarization for a period of two months did not affect the concentrations of 
potassium, sodium and phosphorus, but significantly increased the concentrations of 
calcium, magnesium, nitrate and sulfate. In addition, solarization significantly 
increased the levels of some micro-nutrients, such as cupper, iron and zinc. 
Solarization increased the average yield of cabbage from 7443 kg/acre in nQIl­
solarized plots to 8857 kg/acre in solarized plots (about 19% increase). Similarly, the 
average head weight of cabbage increased by about 32% than that of the control. 
Five experiments were perfonned in order to evaluate the effect of (1) 
differential response of different weeds to solarization (2) plastic types and 
thicknesses (3) soil amendments, (4) seed age and (5) seed source on the efficiency of 
soil solarization. The last four experiments were conducted using seeds of P. 
oleracea. The experiments were conducted during the hottest period of the year from 
June 10 to July 25, 2003 in a private farm near Al-Ain, UAE. Seeds were cleaned and 
placed into 4cm x 6cm mesh bags. 
The differential response in seed germination of different species to soLarizati.QQ 
process was assessed for seeds of three winter weedy species buried at three depths 
for different durations. These are Echinochloa cruss galli, Caps ella bursa-pastor and 
Echinochloa colona. The results indicated that soil solarization resulted in a complete 
deterioration in the seed germination of E. cruss galli and C. bursa-pastor after 15 
days of solarization at all depths (2.5 cm - 15 cm). This indicates that seeds of the two 
species are very sensitive to the solarization process even after short period and at a 
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deeper depths of soils. For E. colona, 15 days of solarization resulted in complete 
inhibition for germination for seeds buried at soil surface, but seeds buried at 7.5 cm 
and 15 cm germinated to 37% and 56.4%, respectively. After 30 days of solarization, 
all the seeds were killed at the different depths of the soil. The overall results of thi 
experiment indicates that the seeds of the three studied species are relatively more 
sensitive to solarization process than seeds of the summer annual P. oleracea. 
The efficacy of using different polyethylene colors and thicknesses of 
polyethylene sheets on seed viability of P. oleracea was evaluated through the 
estimation of final germination percentage and germination rate. This species is often 
used as an indicator species, such that its control with solarization usually often result 
in control of most weed species. Fresh seeds of P. oleracea were buried in the soil at 
2.5 cm and I5cm depths for a period of 15, 30 and 45 days. The used polyethylene 
colors and thicknesses were: l2Of.lm opaque black, 50 mum transparent (thin), 7S 
mum transparent (medium) and 150 mum transparent (thick). The results showed that 
the mo t effective sheets in suppressing seed gennination were the thin and medium 
thicknesses of the transparent sheets. The deterioration in seed viability increased 
with the increase in solarization duration and this was more pronounced in thin 
transparent plastic than in thick transparent and black sheets. Based on the results, it 
is strongly recommend using the thin or medium thicknesses of transparent sheets 
instead of black sheets, which are regularly used in UAE. 
The effect of soil amendments prior to solarization on increasing the efficiency 
of this technique in controlling P.oleracea weed was evaluated by burying fresh seeds 
at 2.5 cm and 1 S cm depths in soil amended with organic manure and plant residuals. 
Seed viability was assessed by calculating final gennination p&rcefitag.e and 
germination rate after 15, 30 and 45 days of solarization. Results indicated that soil 
3 
amendments, especially organic manure, were efficient enough to inhibit gennination 
of P. oleracea seeds at 2.5 em after 45 days of solarization. However, the 
amendments did not improve the efficiency of solarization to reduce viability of seeds 
buried at the lower depth (15 em). In fact, plant residues protected the seeds at 15 cm 
from deterioration, as compared to organic manure and non-amended solarized plots. 
The gennination rate was significantly slower for plots amended with manure (30), as 
compared with those amended with plant residues (36) and non-amended plots (39). 
The differential response of seeds with different ages to solarization process was 
evaluated by comparing its efficiency on fresh and stored seeds of P. oleracea buried 
at two depths for different durations. The results showed that the efficiency uf suil 
solarization on deteriorating stored seeds was significantly greater than that of fresh 
seeds. Final germination percentage and germination rates were lower for stored seeds 
as compared to fresh seeds. 
The effect of solarization process on seed source, where seeds developed and 
matured, was evaluated by comparing the efficiency of this technique on viability of 
stored seeds of P. oleracea collected from UAE, Egypt and Canada. Seeds from UAE 
population were more resistant to solarization than seeds from both Egyptian and 
Canadian populations. The overall germination of seeds from Canadian, Egyptian and 
Emirates populations decreased from 30% 22.3% and 37.5%, respectively, after 15 
days of solarization to 10.4%, 10.6 and 19.7%, after 45 days. 
The positive effects of soil solarization, confrrmed in the present study, on the 
yield and quality of cabbage, on most of the essential macro- and micro-nutrients in 
the soil and its efficiency in controlling weeds reveal the advantages of the technique 
as an alternative to soil fumigants, which are commonly in use to control most 
soilborne pests and weeds. Being an environmentally free technique, solarization will 
4 
assume a predominant role in the future as a soil disinfestation method, particularly in 
the Arab Gulf region as it receives higher intensity of solar radiation for longer 
periods, compared to other regions of the world. In DAB, farmers leave their farms 
during swnmer uncultivated becau e of the extremely high temperature at that time. 
During summer, mulching the soil with transparent polyethylene sheets would be an 
effective, economical and acceptable method by farmers. This environmentally 
friendly method i simple, safe, involves no phytotoxicity or pesticide residues and 
does not require sophisticated mechanisms to apply. 

2. I NT R O D U CT I ON 
2.1 Problem of weeds 
Left uncontrolled, weeds will deprive cultivated plants of water, space. light and 
nutrients. ometimes weeds can grow so vigorously that they carefully choke out 
culti ated plants. They can also harbor pests and diseases. Weeds can multiply very 
quickly either vegetatively by roots and shoots or through the production of seeds, 
often in large numbers. 
rop-weed competition causes major damage to land productivity and poses 
serious environmental threats. Weed competition causes significant damage (up to 
90%) to crop yields (Khan et aI, 2003). The presence of weeds has been reported to 
reduce growth of a wide range of commercially grown crops (Knowe et ai., 1 ns; 
Nelson et at., 1985). Excluding environmental variables, yield losses in many crops 
are mainly caused by competition from weeds. The presence of weeds has also been 
shown to reduce soil water availability in juvenile stands of various tree species such 
as Pinus elliottii (Baker, 1973) and P. radiata (Sands and Nambiar, 1984), through 
increasing rates of water loss. 
2.2 Solarization is a good alternative for chemical applications 
The substantial expansion in agricultural production in the United Arab Emirates 
(DAE) in recent years has been associated with development and spread of several 
weeds and other soil-borne pathogens. Weed control through chemical means in the 
form of herbicides is commonly used to kill weeds or inhibit their growth throughout 
the world. Methyl bromide, the sodium salt of metham and dazomet are widely used 
in the UAE for soil fumigation in open fields and in green houses (Al-Masoum et aL 
6 
1993 . In addition many vegetable growers al l  over the world rely on methyl 
bromjde or other soil fumigants to manage soi l  pathogens, nematodes and weeds, as 
it has been very effective to produce high vegetable growth and yields. However, the 
use of herbicide and other fumigant has increased toxic residues dangerously and 
indiscriminately targeting organisms the environment, and ground water and 
creating serious upheaval in the ecosystem (Bandara, 1987; Gul l ino et aI., 1998; 
Khan et al. 2003). In addition, the loss of methyl bromide fumigant to the air and 
possibly reaching groundwater as a contaminant and its potential ozone reduction 
ha e stimulated i nterest in finding an alternative method for disinfestation of soil­
borne pests and weeds (Lira-Saldivar et al., 2004; Gilreath et aI., 2005; Stapleton et 
al ., 2005). 
With increasing restrictions on the use of chemjcals and decreasing avai labil ity 
of many chemicals, factors of economical and marketing outcomes, environmental 
and health risks, and compatibil ity with standard production systems are considered in 
the search for alternative pest management programs to control soi lborne pests, such 
as weeds, phytoparasitic nematodes and plant pathogens (Chel lemi, 2000). There is an 
i ncreasing interest in using physical methods and cultural practices in disease control 
as alternatives to pesticides for the management of soi l-borne pathogens. These can be 
used alone or as components of pest management programs (Katan, 2000). 
Soil solarization (soil  mulching) has been considered as an appropriate, non­
chemical, alternative to methyl bromide fumigation. It is a promising method to 
reduce populations of soi lborne pests and weeds without the use of pesticides 
(Schreiner et aI., 200 1 ). Soil solarization is a natural, hydrothermal process of 
disinfesting soi l  of plant pests by using passive solar heating of moist soi l  mulched 
(covered) with polyethylene sheets (Katan, 198 1 ). This technique consists of 
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covering the soil with a transparent plastic film and exposing it to sunlight during high 
solar radiation periods. In this process, the soil temperature reaches lethal levels for 
man phytopathogens and seeds of weeds, and causes changes that bring gains in crop 
growth and yield (Esperancini et at., 2003). Thi simple technique has the potentiality 
to in rea e the crop yield (AI-Masoum et al., 1993 and 1998; Chellemi et al. , 1999) 
and improve oil chemical characters (Arora and Yaduraju 1998; Ahmad et al., 1996). 
In addition, this environmentally friendly technique does not have negative impact on 
many beneficial microorganisms such as vesicular arbuscular mycorrhizal fungi 
(Schreiner et al., 2001) and nitrogen fixing bacteria (Ricci et al., 1999). 
Nonchemical alternatives such as solarization and organic amendments are yet 
largely unproven, but offer promise of more sustainable solutions (Ozores-Hampton 
et al., 2004; Gilreath et al., 2005). Ozores-Hampton et aI., (2004) indicated that large­
scale soil solarization and organic amendment can be an attractive alternative to 
methyl bromide. Lira-Saldivar et al., (2003) concluded that soil solarization combined 
with organic matter could be a sustainable alternative to methyl bromide fumigation 
or to the use of herbicides for weed control and for increasing crop yield. Solarization 
was suggested to be an important weed management tool for warm-climate vegetable 
growers who cannot, or choose not to, use fumigation or other chemical in weed 
control (Roe et al., 2004). 
One of the soil solarization advantages is that its effect on weed control could 
last for one year or more. Chaube and Singh (2003) reviewed the suppressive effect of 
soil solarization in controlling several diseases and weeds and concluded that it has a 
long-term effect (2-3 years), and provided improved plant growth and yield. In 
Bangalore, Karnataka, India, it has been proven that solarization maintained above 
80% weed control efficiency until the harvest of tomato (Kumar et al.. 2002). 
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The practical value of soil solarization must be assessed using several factors 
including pesticides efficiency, effect on crop growth and yield, economic cost 
!benefit and user acceptance (Stapleton, 1995; Stapleton and DeVay, 1 995). Several 
studies indicated that the use of solarization in soil disinfestation is economically 
feasible than chemicals and hand-weeding, which are normally used. In Turkey, for 
example, Boz (2004) calculated the costs of buying and laying clear plastic sheeting 
for s larization and found that they are significantly lower than that of labor for hand­
weeding and for herbicides. Calculations indicated that profitability increased by 
$470lha using solarization only for weed control in strawberry rather than other 
method (Boz, 2004). 
It has been demonstrated that the efficiency of using solarization in controlling 
soilborne pathogens and weeds is as effective as chemicals and hand weeding, and in 
some cases, more effective than them. Based on small-scale tests on parsley in 
California, Stapleton et ai., (2005) demonstrated that different solarization treatments 
were equally effective in providing weed control, with weed numbers reduced by 86-
94% and weed biomass reduced by 94-99% over the untreated controL In an on-farm 
study in Fresno-Clovis area of San Joaquin Valley, California, it was concluded that 
solarization provided effective weed control for strawberries at a much lower cost 
than methyl bromide, with comparable yields (Stapleton et al., 2005). In addition, 
Schreiner et al. (200 1 )  indicated that solarization was as effective as methyl bromide 
and metarn sodium at 930 litreslha in controlling winter annual weeds measured 8 
months after treatment. Similarly, in Cuba, up to 1 00% control of Euphorbiaceae and 
93% control of Poaceae were achieved with solarization, in comparison with 72 and 
80%, respectively, with dazomet (PanIo-Gonzalez et al., 2002). In Japan, sufficient 
weed suppression was obtained by polyethylene film mulching for 4 weeks and the 
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re ult were at par with the application of benthiocarb and prornetryn at pre­
emergence (Katayama et aI., 2003). 
The effectiveness of soil solarization for direct thermal inactivation of soilborne 
pests is dependant on a number of physical factors including among others, solar 
radiation intensity and duration, air temperature, amount of humidity at the soli 
surface beneath the tarps. properties of plastics used to produce the green house effect 
reSUlting in the heating of soil and properties of the soil to be treated (Stapleton and 
DeVay 1986; Stapleton, 2000). The UAE is characterized by its higher air 
temperature and intensive solar radiation for longer duration, especially during 
summer months. Soil solarization showed great efficiency under the environment of 
the UAE (Al-Masourn et al., 1993 and 1998; EI-Keblawy et al., 2004). The recorded 
temperatures in a solarization experiment during the summer in DAE were much 
higher than that recorded in most solarization studies in many parts of the world (El­
Keblawy, 2002; EI-Keblawy et al., 2004). Maximum temperature ranged between 
33.5 °e and 70.1 °e at soil surface and between 40.1 °e and 52.6 °e at 10 cm depth. 
Th� maximum increases in soil temperature over that of control (non-solarized plots) 
were 31.5 °e at soil surface and 16.7 °e at 10 cm depth (EI-Keblawy et aI., 2004). 
Similarly Al-Masourn et aI. (1998) in a field experiment conducted in AI-Ain, UAE 
found that the maximum temperatures reached under the transparent cover were 60.3 
°e, 53.3 ue and 51 °e at depths 5, 10, and 20 cm, respectively. On the other hand, the 
maximum increases in soil temperature by solarization over that of control at 10 cm 
depth were 16.5 °e in Iraq (Brighton, 1972) and 11.5 °e at a depth of 10 em in 
Pakistan (Ahmad et al. 1996). At depths 5 and 15 cm, the increases in temperatures 
were 8.9 °e and 11.5 °e, respectively in southern Italy (Mauromicale et aI., 2001). In 
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India, the increase in soi l  temperature over that of control was 8. 1 - 9.5 °c 
(Mudalagiriyappa et al . ,  1999). 
2.3 Sola riza tion Con trol Weed po p u lations 
Several investigators have demonstrated the efficiency of solarization in  controll ing 
weeds of different crops at everal places of the world, especial ly in the hot arid 
regions (Moya and Furukawa 2000; Ricci et al . ,  2000; Lalitha et aL, 200 1 ;  
MaurornicaJe et aJ,. 200 1 ;  Reddy et al ., 200 1; Sivakumar et aL, 200 1 ;  Nimje and 
Agrawal, 2002· Soumya et al . ,  2003; Kalaisudarson and Sundari, 2004). For example, 
oil solarization for 40 days in Tamil Nadu, India, reduced weed population, weed 
biomass and increased weed control efficiency at 30 and 60 days after sowing. It was 
effective in reducing the infestation of al l the dominant weeds, namely Cyperus 
rotundus, Cleome viscosa, Cynodon dacty[on and Trianthema portulacas/rum 
(Kalaisudarson and Sundari , 2004). Similarly, a significant reduction in total we�d dry 
weight at ha.'"Vest was recorded by using transparent polyethylene (0.05 mm) for 45 
days in Bangalore, Kamataka, I ndia (Soumya et al ., 2003). In the same region of 
India, the lowest weed density and total dry weight, and the highest weed control 
efficiency in groundnut were obtained with soi l  solarization for 45 days using the 0.05 
mm thick polyethylene mulch (Lal itha et ai., 200 1). In another region of I ndia, 
Bhopal, Madhya Pradesh, weed density was reduced to less than half of that in non­
solarized plots due to solarization (Ni�ie and AgrawaL 2002). Under hot arid 
condition in Andhra Pradesh, India, soi l  solarization also resulted in a significant 
reduction in population densities of weeds (9 1.2%) and weed dry weight (93.3%) in 
tomato ( Reddy et ai., 200 1 ). I n  Brazil ,  soi l solarization reduced purple nutsedge 
(Cyperus rotundus) population by 59% (Ricci et al . ,  2000). 
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cveraI studies have reported that weeds respond differently to solarization in 
different parts of the world including, I taly (Tamietti and Garibaldi, 1 989 ;Tamietti 
and Valentino 2000), Turkey ( Benl ioglu, et aI . 2005 ; Boz, 2004; Campiglia et aI. 
2000 , l ndia ( Singh et aI., 2003 · Chopra and Chopra, 2004), Tunisia (Triki et al. 
200 J ), USA (Elmore, 1 99 1 ), I srael (Horowitz et al., 1 983) and Argentina 
( Bustamante, 2003). General ly winter annual weeds that genninate and grow during 
the cooler period of the year have been effectively control led by solarization 
compared to summer weeds (Abdal lah et aI.,  1 998; Triki et al., 200 1 ;  PanIo-Gonzalez 
et al. ,  2002; Lira-Saldivar et al. 2003, 2004). Simil arly, winter annual weeds have 
been efficiently eradicated by solarization than summer annuals ( Elmore 1 99 1 ;  El­
Keblawy et aI.,  2004). 
2.4 Sola riza tion i m proves soil fertil ity a n d  c ro p  yield 
In addition to direct physical destruction of soi lborne pests, other changes to the 
physical soi l  environment occurs during solarization ( Katan, 1 987; Stapleton and 
DeVay, J 995). Among the most striking: of these is the increase in the concentration 
of sol uble mineral nutrients commonly observed fol lowing solarization. For example, 
results of a study in California showed that ammoniurn- and nitrate-nitrogen 
concentrations in the top 1 5  cm soi l  depth increased with in a rang 26--1 77 kg/ha, 
over non-solarized plots (Stapleton and DeVay, 1 995). Similar results have been 
reported in southeastern Brazi l ( Patricio et ai. 2006 ) and in Italy ( MauronUcale et aI., 
2005). In I ndia, the available nitrogen and potassi um, and organic carbon i n  the soil ,  
as wel l  as the e lectrical conductivity and pH increased after solarization, but 
phosphorus content decreased (Sharma et aI.,  2004). Sharma and S harma (2002) 
arrived to a similar result in l ndia, as soi l  solarization increased avai lable nitrogen, 
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potassium, organic carbon contents, electrical conductivity and pH, but decreased the 
phosphorus content. 
oi l  solarization has re ulted also in the increase in yields of different crops in  
di fferent regions of the world. For example, in southern Italy, soi l  solarization 
improved faba bean growth and consequently yield compared with non-solarized soi l  
( Mauromicale e t  al . 200 1 ). In  B razil,  soi l  solarization significantly increased the 
yields of carrot (28%), cabbages (34%), beets (37%), and green bean (32%) when 
compared to unsolarized plots (Ricci et aI . ,  2000). In central Italy, The cauliflower 
and fennel yields were improved by 47 and 91 %, respectively, fol lowing solarization 
with c lear polyethylene (CPE) sheets compared with the control (Campiglia et at . ,  
2000). 
Several studies have shown that soi l  solarization increased the production and 
yield of several crops in I ndia. For example, i n  Bangalore, Karnataka, solarization 
with transparent polyethylene for 45 days prior to growing of groundnuts recorded 
significantly higher number of branches per plant, leaf area, total dry matter 
accumulation per plant, fi l led pods per pLant, pod weight per plant and pods yield than 
the control (Soumya et aI. ,  2003 ) .  Simil arly, the highest pods yield of 23 .0 1 qlha was 
obtained in groundnut due to soi l  solarization for 45 days with 0.05 mm transparent 
polyethylene sheets (Nanjappa et al . 200 1 ). In addition, solarization for 40 days with 
transparent polyethylene sheets (0.05 mm) in Tamil Nadu, India, produced the highest 
crop yields (2.35 t/ha). but the lowest pods y ield was observed on non-solarized 
control ( 1 .42 t/ha) (Sundari and Sureshkumar, 2003).  Furthermore, solarization for 4 
and 5 weeks in I ndia resulted in the greatest leaf area and crop dry matter per plant of 
soybean. Solarization with a transparent polyethylene markedly increased the yield 
attributes (number of pods per plant, 1 ODD-seed weight, and number of seeds per pod) 
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and eeds ield ( ingh et aI., 2004). The highest seeds yield ( 1 645 kg/ha) was 
obtained with solarization for 5 week which was higher by 110% than the seed yield 
of the non-solarized control. The same authors reported that the highest grain yield of 
wheat (5038 kg! ha) was recorded with solarization for five weeks which was 27% 
higher than the non-solarized control (Singh et aI., 2003). In another study in India, 
Kwnar et al. (2002) reported that soil solarization using 0.05 mm transpanmt 
polyethylene prior to cultivation of tomato crop resulted in taller plants (78.4 cm), 
heavier large-sized fruits (0.893 kg/plant) and higher number of branches per plant 
(8.20 per plant), leaf area index (2.563), crop yield (2 1 .6 tlha), gross and net income, 
and benefit:cost ratio ( l  :4.05). 
2.5 Plastic ty pes a n d  th ickness affect sola riza tion efficie n cy 
It has been demonstrated that transparent plastics promote a relatively large net 
radiation at the soil surface, increase soil heat flux and, as a consequence, the 
minimum and maximum soil temperatures are increased. On the other hand, opaque 
black and white plastics decrease the soil heat flux and the daily amplitude of the soil 
temperature (DeVay. 199 1 :  Streck et al .• 1 995). 
Transparent polyethylene is an ideal film for solar heating of soil because it is 
essentially transparent to solar radiation (280-2500 run), extending to the far infra­
red, but much less transparent to terrestrial radiation (5000-3500run), and thus 
reducing the escape of heat from the soil (DeVay, 1991). On the other hand, black 
polyethylene contains carbon black that does not permit passage of most solar 
radiation. Rather, it absorbs solar radiation and this rescues the heating of soil by 
several degrees, however, it is more stable and lasts considerably longer under field 
conditions (Dubois, 1 978). 
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Most studies all over the world showed that transparent polyethylene is more 
effective in control l ing oil pathogens and weeds, and consequently in having higher 
temperatures, than black. polyethy lene In  Iraq, soil  temperature under black PE and 
transparent polyethylene mulches reached 45 .9C and 49.7 °c at 1 0  em depth, 
respectively as compared to 33 .2 °C in the non-solarized soi l  (Brighton, 1 972). The 
increa e in soi l  temperature by olarization in India, over that of control, was 8 . 1 -9.5 
°C for transparent polyethylene but was 2-3.4 °c for black (Mudalagiriyappa et al ., 
1 999). In  central Italy, the temperatures were higher under the c lear polyethylene 
sheets than that under the black polyethylene sheets by about 4-8 °c at all soi l  
depths. The maximum dai ly temperatures reached at 0 ,  5 ,  1 0, 20, and 30 cm soi l  
depth were 55 ,  47 ,  44, 42 and 40 °C, respectively, under c lear polyethylene sheets, 
and 52, 44 4 1 ,  39 and 39 °C, respectively, under black polyethylene sheets 
(Campig l ia et aI. 2000). 
In several regions of I ndia, several studies have reported that thinner transparent 
polyethylene sheets are better in control l i ng weeds than thicker ones. In Tamil Nadu, 
India, the use of 0.05 rum thick polyethylene sheets raised the temperature up to 3 °c 
higher than that of the 0. 1 0  mm thick sheet (Haripriya and Manivannan ,2000). In 
Karnataka,India, soil temperature was greater in  solarization with 0.5 mm than that 
by 0. 1 mm polyethylene thick sheets appl ied on wet soi l  for 60 days (Biradar and 
Hosamani, 2000). S imilarly, in Bangalore, Karnataka, India, Chandrakumar et al . ,  
(1002) concluded that the increase in soi l  temperature was from 6.0 to 1 0.4 C and 
from 5.0 to 9.4 °c with 0.05 and 0. 1 0  mm transparent polyethylene sheets, 
respectively, over the control when solarization duration was between 20 and 60 
days. In the same region, Kumar et al .  (2003a and b) indicated that tomato yield was 
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greater after soil solarization with 0.05 mm than that with 0. 1 mm transparent 
polyeth lene sheets and both were greater than that of control . 
In addition, transparent polyethylene sheets was more effective in control l ing 
weeds than black polyethylene. For example, the germination of Orobanche ramosa 
seeds was not affected by solarization with black polyethylene, but was more 
sensitive to solarization with transparent polyethylene trap (Sahile et ai., 2005) .  In 
the UAE, however, black polyethylene is commonly used in disinfestations of soi l 
and manure imported from other countries. 
2.6 Effect of soil amendments on solarization efficacy 
Under good weather conditions and proper use, solarization can provide satisfactory 
control of soi l borne pathogens in the field, greenhouse, nursery and home garden. 
However, under marginal environmental conditions, with thermo-tolerant pest 
organisms or with pests diS'tributed deeply in soi l  and/or in order to decrease treatment 
duration, it is often desirable to combine solarization with other appropriate pest 
management techniques in an integrated pest management approach to improve the 
overall efficiency treatment (Stapleton. 1 997: 2000). It has been documented that the 
efficacy of soi l  solarization could be increased when combined with organic 
amendments (Ramirez-Villapudua and Munnecke, 1 987;  Chellemi et ai.,  1 997). 
Solarization can be combined with a wide range of organic amendments such as 
compost, crop residues, green manures and animal manures to increase the pesticidal 
effect of the combined treatments. For example, in the Mediterranean cl imate of 
Lebanon, the addition of chicken manure augmented the ki l l ing effect of solarization, 
and consequently the required period of solarization for significant reduction in 
population of the parasitic weed, Orobanche crena/a, which is resistant to solarization 
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alone, particularly at deeper depths (Haidar and Sidabmed. 2000). Simi larly, in 
Mexico, goat manure increased oil temperature by 1 .5 to 2.5 °c, but bad an apparent 
antag rustic effect on weeds tolerant to solarization aLone, such as Cyperus esculentus 
P. oleracea, Setaria geniculala and Amaranthus hibridus (Lira-Saldivar et aI., 2004). 
In the coastal area of al i fo rni a, soi l  solarization alone has resulted in a complete 
de truction of eed germination of the winter weed Senecio vulgaris, but not in the 
smnmer weed P. oleracea. However, broccoli (Brassica oleracea) amendment has 
significantly reduced germination of P. oleracea (Zasada et aI., 2003). 
Combining soLarization with organic amendments has a significant potential for 
improving pathogen control and crop production, espec ial ly when solarization aLone 
requires longer period of time or it cannot provide adequate control of the target 
pathogens. For exampLe, application of 20 g of the wheat bran culture of the 
antagonist ( Trichoderma harzianum) in every 1000 cm3 of soil surrounding the blocks 
of inoculum, fol lowing solarization for 5 weeks, caused total viability loss in 
Armillaria sp., pathogenic on tea. This was equivalent to 10 weeks of solarization 
without the appl ication of antagonist (Otieno et aI . ,  2003). in addition, soil 
amendments extended the effectiveness of solarization by restricting the rebound of 
Fusarium oxysporum, even after two successive crops of cumin (Cuminum cyminum), 
compared with solar heating alone ( Lodha, 1 995). It has been reported that the 
organic amendments enhance the production of biotoxic volatile compounds, which 
act as biofumigant of the soil .  In addition, crop residues help in the increase of soi l  
temperature accompanying the decomposition o f  these materials i n  the soi l .  The high 
level of organic mater in the soil increases the heat carrying capacity of the soil 
(Gamliel and Stapleton, 1 993 ; Stapleton 1997). 
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everaI tuilles have reported that wide ranges of soil amendments enhanced the 
efficiency of soi l  olarization studies (e.g.,  Ramirez-V i l lapudua and Munnecke, 1 987;  
Gamliel  and Stapleton, 1 993 ; Haidar and Sidahmed, 2000; Otieno et  al . ,  2003 ; 
Zasada, et ai . 2003 ; Lira-Saldivar et aI . ,  2004), but not in others (e.g., Gaur and 
Dbingra. J 99 } :  Coelho et aL 1 999). Gaur and Dhingra ( 1 99 1 )  reported that 
amendment of soi l  with farm-yard manure or mahua (Madhuca indica) cake prior to 
polyethy lene mulching did not increase the effect of solarization in New Delhi, India. 
Simi larly i ncorporation of cabbage amendment into soi l s  at North F lorida with a rate 
of 6.6 to 8.9 kglm2 did not enhance the effectiveness of solarization in reducing 
populations of Phytophthora spp. (Coelho et al. 1 999). 
2.7 Seed Age Affect Sola rizatio n efficiency 
I n  agricultural systems, weed seed-banks provide i nsights into croppmg and 
management history as wel l  as potential weed problems. Soil seed bank usua l ly 
contains mixture of fresh seeds and seeds stored for various periods. Manipulation of 
soil seed bank has been considered as a successful method for weed management in 
agToecosystems (Kremer, 1 993).  The reserves of dormant seeds in  agricultural soi ls 
provide a source of seeds for persistent weed problems that often require repeated 
control treatments. A reduction in the number of dormant weed eeds in the soi l  
should also correspondingly reduce weed persistence and weed control requirements 
(Egley, 1 983). The development of proper weed control methods in agriculture 
depends largely on the understanding of population dynamics of fresh and stored 
seeds. The possibility of i ncreasing the efficiency of control methods is dependent on 
understanding the efficiency of control method, l ike soil solarization, on seeds of 
different ages in the soi ls. 
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Mature eed gradually lose viabi l ity during storage. General ly, natural seed 
aging decreases germination percentage and lows gennination speed (Rebman et aI., 
1 999). Alexand r and D'Antonio (2003) reported that the potential emergence 
decl ines as seed age. In addition to natural aging, seed aging could be accelerated 
arti tici al ly . Accelerated aging is a physiological stress te t using bigh temperatures 
and relative humidities that permit control led deterioration of the seeds (Delouche and 
Baskin, 1 973;  Copeland and McDonald, 200 1 ). eed aging in this process is very 
similar to seed aging during solarization as bigh temperatures and relative humidities 
are responsible for deteriorating cel l  membranes in the two cases (Abdul-Baki, 1 969; 
Thapliyal and Connor 1 997). The changes in the seeds at the cellular level during 
long-term storage can be simulated within a comparatively short period during 
acce lerated aging and soil solarization technique (Abdul-Baki, 1 969; Thapl iyal and 
Connor, 1 997; EI-Keblawy 2003b). Significant differences existed also between 
unaged and artificial ly aged seeds with lower germination percentage and slower 
germination speed in the latter (Bai l ly et ai . ,  1 996; Rehman et aI., 1 999). EI-Keblawy 
(2003b) reported that accelerated aging with h igh temperatures and relative humidity 
greatly reduced both [mal germination percentage and germination rate of 
Chenopodium album seeds. 
2.8 Seed Sou rce Affect Sola rization Efficie n cy 
Angiosperm seeds typically remain attached to the maternal parent throughout most 
of their development. Several studies have suggested that environmental conditions 
prevail ing during seed maturation may have important effects on seed structure and 
quality (Roach and Wulff, 1 987; EI-Keblawy, 2003a) . In addition, it has been 
documented that dormancy and germination responses vary greatly for seeds of many 
1 9  
species collected from differ nt locations (Roach and Wulff, 1 987' EI-Keblawy and 
AI-Ansari 2000). For example, El-Keblawy and AI-Ansari (2000) have found that 
seed donnancy and gennination requirements of the cosmopolitan P. oleracea weed 
are differed among Canadian, Egyptian and UAE populations. 
Elmore ( 1 99 1 )  indicated that P. oleracea in California could be control led with 
high temperature for a short duration or lower temperature for a longer duration. Up 
to 8 hours did not reduce the gennination of the moist P oleracea seeds at 4S DC, but 
four hours reduced it by 43% and 90% at SO DC and 60 DC, respectively. I n  the UAE 
however, despite that the surface soi l  temperature reached over 60 °C for more than 
four hours every day, seeds of P. oleracea were able to germinate after 26 days of 
solarization (EI-Keblawy et al . ,  2004). Environmental factors prevai l ing during seed 
development and maturation of P. oleracea may have affected the responses of this 
species to solarization process. 
2.9 T he case of Portulaca oleracea 
Portulaca oleracea L. (conunon purslane) appears to be cosmopolitan in distribution.. 
especial ly in tropics, and is reported to be a summer annual outside the tropics (see 
Singh. 1 973). I t  is a successful colonizing species and is recorded to be one of the 
eight most common weeds in the world (Zimmerman, 1 976; Holm et aI ., 1 977). It is 
generally regarded as a weed but, nonetheless, it is an Australian native plant, where it 
is causing major damage. It  is a prostrate herb with fleshy, reddish stems and thick, 
succulent leaves, which are oval shaped and about 25 mm long. Smal l yel low flowers 
occur in the leaf bases. Seeds of this species survived 40 years of burial i n  soi l  and up 
to 1 9  years of storage and can tolerate temperatures from - I SDC to SO°C and sti l l  
remain viable (see Miyanishi and Cavers, 1 980). P. oleracea is one of the annual 
"20 
species cited in association with solarization e periments. EI-Keblawy et aI .,  (2004) 
tudied the effect of soil solarization on seed viability of three annual weeds under the 
environment of UAE and found t hat P. oferacea wa the most re istant weed , In  
Piedmont. northern Italy, Tamietti and Valentino (2000) reported that of  many weeds 
investigated.., only P.oleracea appeared to be resistant to solarization. 
B simulating solarization, Egley ( 1 990) found that common purslane seeds 
were highly resistant to heat. In wet soils, the viability of common purslane seeds was 
reduced by 25% if they were treated at 60°C for 6 h and no significant reduction of 
germination was obtained at 50°C for 7.5 days. In some studies, P. oleracea was 
considered a controlled weed (Horowitz et aL. 1 983: Vizantinopoulos and Katranis. 
1993). Consequently it is often used as an indicator species such that its control with 
solarization will often result in the control of most weed species (Egley 1983, 1990; 
Duranti and Cuocolo, 1988; Abu-Irmaileh, 1991). In the Western Anatolia of Turkey, 
however, Benlioglu et aI., (2005) indicated that soil solarization provided effective 
control for four weed species including P. oleracea. In addition, in Turkey, 
solarization reduced the population of many common weeds in strawberry plantations 
including common P. oleracea (Boz, 2004). Katayama et al .  (2003) also indicated that 
the control of P. oleracea by soil solarization fluctuated between the different years in 
Japan. 
2.10 Aims of the present study 
Most studies emphasized the efficiency of solarization on weed control by comparing 
weed emergence and density in plots covered with plastic sheets with non-covered 
plots (control). Under such conditions, it is difficult to get accurate estimations about 
differential sensitivity of various weed species at different depths. Accurate prediction 
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of longe ity of weed seeds in solarized soi l  is necessary to understand and quantify 
the p pulation dynamics of weeds. This wi ll also help farmers to optimize the benefits 
from the use of oi l  solarization ( Kebreab and Murdoch, 1 999). 
Quantitative assessment of the viabi l ity of seeds buried at various depths and for 
different durations of soi l  solarization would provide accurate predictions about the 
spatial and temporal changes of soi l  seed bank of each weed species. Such estimation 
would help in determining the optimal duration of solarization in each farm, 
depending on the kind of weeds infest ing the farms. For example, farms infested with 
more sensitive weeds might require a short duration of solarization as compared to 
farms infested with weeds that have more heat tolerant seeds. Reducing the duration 
of sol arization in some farms wi l l  save plastic covers that can be used in other farms 
and also save time to extend the period of crop growth. 
The effectiveness of solarization for dir€ct thermal inactivation of soilboID€ 
pathogens is dependent on a number of physical factors, including solar radiation 
intensity and duration, air temperature, amount of humidity at the soi l  surface beneath 
the traps, properties of plastic cover used to produce the greenhouse effect resulting in 
the heat ing of soi l, and properties of soi l  to be treated (inc luding color, texture, 
organic matter content and the moisture content of the treated soi l  (Stapleton, 1 997). 
The objectives of the p resen t  study were to: 
1 )  Evaluate the efficiency of soi l  solarization ill improving soi l  ferti l ity, 
control l ing weeds, and i ncreasing yield of cabbage under UAB field 
conditions. 
2) Determine the differential response of different weeds to soi l  solarization 
under field condition", 
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3 )  Assess the efficiency of soi l  mulching with different polyethylene colors and 
thickne ses on viabi l ity of P. oleracea seeds as indicated by final gennination 
percentage and germination rate. 
4) A sess the efficiency of soil organic amendments (plant residues and 
compost) on the iabil i ty of P. oleracea seeds. 
5 )  Evaluate the effect of age (storage) of P. oleracea seeds on their response to 
soi l solarization 
6) Evaluate the effect source of P. oleracea seeds where seeds developed and 
matured, on their response to soi l  solarization 
7) Asses the effect of burial depths and solarization duration on the viabil ity of 
P. oieracea seeds. 
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3. M A T E R I A LS A N D  M ETH ODS 
3. 1 E ffect o f  oil solarization on weed control 
field experiment was conducted during the hottest period of the year from June 1 0  
to August 1 0, 2003 in a private farm near AI-Aio, UAE (Latitude N24° 44, Longitude 
E55° 46 and Altitude 306 m above sea level, Figure 1 )  to evaluate the efficacy of 
solarization in weed control under field conditions. The farm soi l ,  which is a sandy 
loam, was artificially infested with seeds of 1 0  weedy species. The seeds of these 
species were col lected from around AI-Ain, UAE during May 2003 . These species 
were A maranthus viridus, A. hybridus, Cenchrus ciliaris, Chenopodium murale, 
Launea mucronata, Malva parvijlora, Capsella bursa-pastoris, EchinochZoa colona, 
P. o[eracea, and Melilotus indica. Seeds of the weeds were dispersed evenly on the 
oi l surface. 
After seed dispersal and prior to solarization the soi I was plowed, rotovated to 
provide a smooth surface and divided into 1 2  raised plots. l a x 1 m each. The soi l  
preparation was according to the standard methods of cabbage cultivation. The plots 
were completely randomized, with seven and five replicates for solarized and non­
solarized plots, respectively. Drip irrigation l ines were laid in the middle of the plots. 
The soil was heavily irrigated in early June 2003. Solarized plots were covered with 
75 mum transparent polyethylene sheets. The edges of the sheets were buried 1 5  em 
in the soil to prevent heated air and water vapor from escaping. In order to keep high 
soi l moisture content throughout the experiment the soi l  was watered every week with 
the drip irrigation system. 
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3.2 Effect of soil olarization on soil fertility 
After remo al of polyethylene sheets, on August 1 0  2003, soi l  samples were 
immediately col lected from the top 1 5  cm of the solarized and non-solarized plots. 
Figure 1: Satellite image of Central United Arab Emirates showing the location of the 
studied farm at AI Hayer area. 
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, oi l  samples were air dried, homogenized and sieved to remove large particles. 
vai lable nitrogen was extracted using 2M KCl and detennined by tbe micro­
Kjeldabl method. Total concentrations of macro nutrients (e.g., calcium, potassium, 
magnesium.., sodium., sulfates, and phosphorus) and rnicronutrients (e.g., aluminum, 
cupper, iron zinc) were estimated by inductivity couples plasma-atomic emission 
spectrometry (lCP-AES). These methods are outlined in Black ( 1 965). 
3.3 Effect of soil sola rization on cabbage y ield 
Cabbage seedl ings were transpianted in the experimental plots on October 5, 2003, 
with a minimum soil disturbance according to the standard methods of cabbage 
cultivation. The effect of solarization on weed disinfestation was determined by 
collecting the available weeds in both the solarized and non-solarized plots after 60 
days of cabbage transplantation ( 1 5  days before the final harvesting of cabbage). The 
different weedy species were separated, counted and their total dry weights were 
estimated after drying and reached constant weights at 70 °C. The effect of soi l  
solarization on crop yield was evaluated by estimating the average cabbage head 
weight and total fresh weight per acre in both solarized and non-solarized plots. 
3.4 Factors affecting solarizatio n  efficiency 
Five experiments were performed in order to evaluate the effect of ( 1 )  differential 
response of different weeds to solarization, (2) plastic types and thicknesses, (3) soil 
amendments, (4) seed age and (5) seed source of P. oleracea on the efficiency of soil 
solarization. The experiments were conducted during the hottest period of the year 
from June 1 0  to July 25. 2003 in  the same abovementioned farm (Figure 1 ). The 
farm soi l  was sandy loam. Seeds were cleaned and placed into 4cm x 6cm mesh 
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bags. The mesh size of the bags was smal l enough to keep the seeds and allow free 
movement o[ water, gase exchange and microorganisms. 
3.4. 1 Experiment 1: Differential respon e of weeds to solarization 
eeds of three winter weedy species were used in this experiment. These species 
were Echinochloa cruss galli, CapseUa bursa-pastor and E. colona. Seeds were 
col lected during April 2002 from different farms around Al-AID, UAB. The seeds 
were stored in paper bags at room temperatures until used in the solarization 
experiments, which was conducted for 45 days (June 1 0  - July 25, 2003). Prior to 
solarization, the soi l  was plowed, leveled and divided into 6 individual raised plots, 
20 x 2 m each. Drip irrigation l ines were laid in the middle of the plots. The soi l  was 
heavily irrigated in early June 2003.  Seeds of each species were placed in 1 8  mesh 
bags, each 4 by 6 cm. For each species, the experiment was conducted in a 
completely randomized design with three burial depths (2.5 7 .5  and 1 5  cm) and 
three durations ( 1 5, 30 and 45 days), each replicated twice. I n  each plot, one-mesh 
bag from each species was buried at each depth ( i .e., three bags/plot). The plots were 
solarized with 75 mum transparent polyethylene sheets. The edges of the sheets were 
buried 1 5  cm in the soi l  to prevent heated air and water vapor from escaping. I n  
order to  keep high soi l  moisture content throughout the experiment, soi l  was watered 
every week with the drip irrigation system. 
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3. 4. 2  Experiment 2: Te ling the effects of plastic types and thicknesses. 
Prior to solarization., the soil was plowed, leveled and divided into 24 individual 
raised plots, 20 x 2 m each. Drip irrigation lines were laid in the middle of the plots. 
The soi l  was heavily irrigated in early June 2003 . Fresh seeds, which were collected 
in early June 2003 from different farms around AI-Ain city, were divided into 48 
mesh bags. each 4 by 6 cm. The experiment was conducted in a randomized complete 
block design with three factors, two replications. These were 4 types of polyethylene 
plastic mulches ( 1 20 mum opaque black, 50 mum transparent, 75 mum transparent 
and 1 50 mum transparent), two seed burial depth (2.5 em and 1 5  cm) and three 
solarization durations ( 1 5, 30 and 45 days). I n  each plot, one mesh bag contained 
fresh seeds of P. oleracea was buried at the two depths ( i .e . ,  two bags/plot). The 
edges of the sheets were buried 1 5  em in the soi l  to prevent heated air and water vapor 
from escaping. I n  order to keep high soi l  moisture content throughout the experiment, 
the soi l  was watered every week with the drip irrigation system. 
3.4.3 Experiment 3: Testing the effects of soil amendments 
The soil was prepared as described in the previous experiment (3.4.2) and divided into 
1 8  i ndividual plots, 20 x 2 m each. Prior to solarization., fresh P. oleracea seeds, 
which were col lected in June 2003 and were divided into 36 mesh bags, each 4 by 6 
cm. The experiment was conducted in a complete randomized block design with two 
replications and three factors, namely, two types of soil  in addition to the control 
(without amendment), two seed burial depths (2.5 cm and 1 5  cm) and three 
sol arization durations ( 1 5, 30 and 45 days). The used amendments were organic cow 
manure with (0.5 Kg/m2) and plant residues (with 2 kg/m\ The plant residues were 
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mainJy stalks of Rhodes grass and orne other crops. I n  each plot one-mesh bag was 
buried at each of the two depths ( i .e. ,  two bags/plot). The amendments were 
incorporated onto the soil  surface and covered with 75 mum transparent polyethylene 
sheets. The edges of the sheets were buried 1 5  cm in the soi l  to prevent heated air and 
water vapor from escaping. I n  order to keep high soil moisture content throughout the 
experiment, the oil as watered every week with the drip irrigation system. 
3. 4. 4  Experiment 4: Testing the effects of seed age 
Seeds of P. oleracea were col lected from different farms around Al-Ain c ity in June 
1 999 and 2003 . The 1 999 seeds were stored in paper bags at room temperature until 
used in the solarization experiment which was conducted during the period of June 
1 0  to July 25, 2003 (hereafter wi l l  be referred as stored seeds). The seeds which 
were col lected in 2003 were also stored in paper bags at room temperature (hereafter 
wil l  be referred as fresh seeds). Prior to solarization experiment, seeds of each age 
were placed in 24 mesh bags, each 4 by 6 cm (24 mesh bags for the two ages). The 
soi l  was prepared as described above and divided into 1 2  individual plots - 20 x 2 m 
each. The experiment was conducted in  a completely randomized design with storage 
(fresh vs stored), depth of seed burial (2.5 and 1 5  cm) and solarization duration ( 1 5, 
30 and 45 days) as factors. In each plot, one mesh bag was buried at each of the two 
depths ( i .e., two bags/ plot). The plots were solarized with 75 mum transparent 
polyethylene sheets. As for the other experiments. the edges of the sheets were 
buried 1 5  cm in the soi l  to prevent heated air and water vapor from escaping. In 
order to keep high soi l  moisture content throughout the experiment, the soi l  was 
watered every week with the drip irrigation system. 
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3.4. 5  Experiment 5: Testing the effects a/seed source 
eeds of P. oleracea were col lected during July 1 999 from different farms around 
AI-Ain, UAE; Wind or, Canada and Tanta, Egypt. The seeds were stored in paper 
bags at room temperature until used in the solarization experiment which was 
conducted during the period of J une 1 0  to July 25, 2003 . Prior to solarization 
experiment, seeds of each source were placed in 1 8  of the abovementioned mesh 
bags (54 mesh bags for the three sources). The soil was prepared as described above 
and divided into 1 8  individual plots, 20 x 2 m each. The experiment was conducted 
in a completely randomized design with seed source (UAE, Egypt and Canada), 
depth of seed burial (2.5, 7.5 and 1 5  cm) and duration of soi l  solarization ( 1 5, 30 and 
45 days) as factors (each replicated twice). In each plot, one-mesh bag was buried at 
each of the three depths (i.e., three bags/pLot). The plots were solarized with 75 mum 
transparent polyethylene sheets. The edges of the sheets were buried 1 5  cm in the 
soi l  as above. In order to keep high soi l  moisture content throughout the experiment 
soil was watered every week with the drip irrigation system. 
3.4. 6 Germination experiment 
After 1 5, 30 or 45 days of soi l  solarization, seeds of the different species from the 
previous experiments were exhumed from the mesh bags buried at the different 
depths. The col lected seeds were air dried and the seeds of each two replicates of the 
same treatment or species were mixed together. M ixed seeds for each 
species/treatment were tested for viability by germination in an incubator set at 1 5125 
°C with dark condition coincided with 1 5 °C. Some seeds of the different species 
were tested for gennination as control without being subjected to solarization. The 
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germination te t was conducted in 9 mm plastic Petri-dishes with one Wbatman No. 
1 filter paper moi tened with di til led water. Pour replicate dishes were used for 
each treatment. Radical emergence was the criterion for germination to be recorded. 
Germinated eedl ings were counted and removed every alternative day for 20 days 
post -seed sowing. 
3.5 Calculations and statistical analysis. 
3.5. 1  Calculation of germination rate 
The rate of germination was estimated using a modified Timson index of 
germination velocity = LG/t, where G is the percentage of seed germination at 2 days 
intervals and t is the total germination period (Khan and Ungar, 1 984). The 
maxiIPum value possible here using this index was 1 000/20=50. Greater values 
indicate more rapid germination. 
3. 5.2 Statistical analysis 
Two way analysis variance (ANOV As) were used to evaluate the effect of the type 
of species and solarization on both total density and dry weight of the weeds. The 
same test was used to assess the effect of depth of seed burial and solarization 
duration on both [mal germination and germination rate of each species in 
experiment number one. One-way ANOV As were used to asses the impact of soi l  
solarization on population density and dry mass of each species. The same test was 
also used to evaluate the effect of solarization on the concentrations of some soi l  
macro- and micro-nutrients and on cabbage yield. X) tests were performed to 
evaluate the effect of solarization on the frequency of occurrence of the different 
weeds in solarized and non-solarized plots. 
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Three-wa analyses of variance CANOY As) were carried out to examine the 
effects of main factors including ( 1 )  type of plastic, depth of seed burial and 
solarization duration, (2) type of amendment, depth of seed burial and solarization 
duration, (3 ) seed age, depth of seed burial and solarization duration and (4) seed 
ource, depth of seed burial and solarization duration on the final germination 
percentage and germination rate of P. oleracea seeds. The significance of the 
interactions between these factor was also as essed. 
Tukey test (Honestly S ignificant Differences, HSD) was used to estimate the 
least significant range between means. The germination percentages were arcsine 
transformed to meet the assumptions of ANOV A. The transformation improved 
normal ity of distribution of data All  statistical methods were performed using 
YSTAT, version 1 1 .0 (SYSTAT, 2004). 
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4. R ES U LTS 
4. 1 Effect of solarization on density, dry weight and frequency of weeds u nder 
field conditions 
One-way ANOV A indicated that overall  weed population density and total dry weight 
(shoots and roots) were significantly lower in solarized as compared to non-solarized 
plots ( P<O.O I ). Two way ANOVA showed significant effects for species and 
solarization on both weed total density and dry weight (P<O.OO l ). The interactive 
effect of species and solarization was significant on weed density (p<O.05), but not on 
weed dry weight (P>O.05) (Table 1 ). 
Population density and dry weight of most of the recorded weedy species were 
affected significantly by soi l  solarization. L. mucronata, C. bursa-pastors and E. 
colona were completely absent in the solarized plots, indicating that these species are 
most sensitive to solarization process. Out of the total 1 0-recorded species, density of 
seven species and dry weight of five species were significantly lower in the solarized 
as compared to control plots (according to one-way ANOVA). Population density in 
the non-solarized plots was greater than in  solarized plots by 822% in A. viridus, 950% 
in A. hybridus, 425% in Cenchrus ciliaris, 992% in C. murale, 567% in M .parvijlora, 
and 5 1 8% in Melilotus indica. Similarly, the dry weight in the non-solarized p lots was 
greater than that in solarized plots by 478% in A. viridus, 1 ,28 1 %  in C. ciliaris, 83 1 % 
in C. murale and 1 ,830% in M parvijlora (Table 2). On the other hand, solarization 
did not affect both density and dry weight of P.oleracea and dry weight of Melilotus 
indica (P>0.05, Table 2), indicating that these species are more resistant to 
solarization than the other species. 
x.2 tests showed that seven species attained significant greater occurrences in the 
solarized plots. than in the non-solarized plots (p<O.05. Table 2). The frequency of 
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occurrence in the non-solarized plots was greater than in sol arized plots by 250% in 
both A. viridus and M.parviflora, 424% in both A. hybridus, and 425% in Cenchrus 
ciliaris. Again, olarization did not affect frequency of occurrence of both P.oleracea 
and M. indica in  the studied plots (P>0.05), supporting the hypothesis that these 
species are more resistant to solarization as compared to other species (Table 2) .  
4.2 Effect of solarization on soil ferti lity 
4. 2. 1 Macr(mlltr;enk 
Solarization for two months did not affect significantly the concentrations of 
potassium, sodium and phosphorus (P>0.05) .  Concentrations of these nutrients 
increased from 52.0, 1 1 6.2 and 9.8 mg/kg in non-solarized plots to 52.5,  1 1 9 and 1 0.5  
mg/kg, respectively in solarized plots (Table 3) .  Solarization significantly increased 
the concentrations of calcium, magnesiunl, nitrate and sulfate in solarized plots, as 
compared to non-solarized control (P<0.05). These nutrients increased in the solarized 
plots more than that of non-solarized plots by 3 .3%, 5 .7%, 36% and 24%, respectively 
(Table 3) .  
4.2.2 Micronutrients 
The effect (If <;oi l <;olan7ation on the concentrations of m icronutrients was more 
pronounced than that of macronutrients. The levels of three out of four estimated 
nutrients increased after soi l  solarization. Solarization significantly increased the 
levels of cupper, iron and zinc, over those of control, by 40%, 23.7% and 1 1 4%, 
respectively (P<0.05). Solarization increased the level of aluminum, over that of 
control, by 1 7 .4%, so the effect was not significant (P>0.05 ) ( Table 3) .  
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4.3 Effect of ola rizatioo 00 cabbage yield 
oi l  solarization signiflcantly increased the average fre h weight of cabbage ( P<O.05) 
and a erage head weight ( P<O.O 1 ) . Solarization increased the average yield of 
cabbage from 7443 kg/acre in  non solarized plots to 8857 kg/acre in solarized plots 
(about 1 9% increases). 
Similarly, the average head weight, which reflect the size and qual ity of 
cabbage, increased from 1 . 1 5  kg in non-solarized plots to 1 .52 kg in solarized plots 
(about 32% i ncrease). 
Table 1 :  Results of two way ANOVAs showing the effects of species solarization and their 
interaction on both weed density and dry weight. Ns = insignificant different at P<O.05. 
Variable df MS F P 
A· Weed density 
Species (Sp) 9 1 7.99 1 0 . 1 3  <0.001 
Solarization (So) 1 25.29 70.51 <0.001 
Sp*So 9 7.58 4.27 <0.00 1 
Error 90 1 . 777 
B· Weed dry weight 
Species (Sp) 9 14.27 6.97 <0.001 
Solarization (So) 1 93.03 45.43 <0.001 
Sp*So 9 3.33 1 .63 Ns 
Error 90 2.048 
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Table 2: Effect of soil solarization on density, dry weight and frequency of occurrence of some weedy species. *: P<O.05, **: P<O.01 and ***: P<O.OO1 . 
Density (number 1100 m2) Dry weight (g1/ 100 m2) Frequency (%) 
Species Non-solarized Solarized % F-value Non-solarized Solarized % F-value Non-solarized Solarized x) 
Amaranthus viridus 19 .75 2 . 14  8.22 1 1 .47** 75.47 1 3 .06 4.78 1 0.47* 100 28.6 39.7*" 
Amaranthus hybridus 7.50 0 .71 9.50 6.69* 24.97 6.80 2.67 3.86 75 14.3 41 .3*" 
Cenchrus ciliaris 1 1 .25 2 . 14  4.25 5 . 1 1 *  14.60 1 .06 1 2.81 7.89" 75 14.3 41 .3""· 
Chenopodium murale 65.50 6.00 9.92 34.58"· 404.82 43.46 8 .31 8.43* 75 57. 1  2.4 
Launea mucronata 5.25 0 .00 5.67* 6 . 12  0.00 5.23* 50 0 25.0"· 
Malva parvit10ra 1 5 .25 2.28 5.67 13 .22** 55. 1 5  2.85 1 8.30 22.71 ·· 1 00 28.6 39.7"· 
Capsel/a bursa-pastoris 1 .50 0.00 4.43 4.95 0,00 1 .6 1  50 0 25.0·" 
Echinochloa colona 2.00 0.00 1 .91  3.45 0,00 1 .90 25 0 1 2.5**
* 
Portulaca oleracea 3.00 4.00 -0.25 0.01 1 3 .22 8.70 0.52 0,07 75 57.1 2.4 
Melilotus indica 1 5.00 2.42 5 . 1 8  5.35" 1 76. 1 7  22,24 6.92 3 .1 1 75 57.1 2,4 
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Table 3: Effect of soil solarization on the concentrations of some soil macro- and micro-
nutrients (mg/kg). Values between brackets are standard errors. 
Element Control solarized F-value P 
Macronutrients 
Calcium 1 89.5 (1 .4 1 )  1 95.8 (1 . 1 4) 1 2.24 <0.01 
Potassium 52.03 ( 1 .36) 52.48 (0.96) 0.07 0.79 
Magnesium 62. 1 7  (0.62) 65.72 (0.73) 1 3.69 <0.01 
Sodium 1 1 6. 1 7(2. 1 5) 1 1 9.00 (2.7 1 )  0.61 0.42 
Nitrate 5 1 .73 ( 1 .50) 70.83 (2.25) 49.72 <0.001 
Sulfates 91 .20 (2.3) 1 1 3.00 (3.5) 27 . 1 7  <0.001 
Phosphorus 9.77 (0.22) 1 0.46 (0.25) 4 .23 0.067 
Micronutrient 
Aluminum 5.81 (0.45) 6.82 (0. 1 6) 4 .52 0.059 
Cupper 0.05 (0.00) 0.07 (00.0) 20.86 <0.01 
Iron 4 .38 (0.23) 5 .42 (0.25) 8 .51 <0.05 
Zinc 0.07 (0.00) 0. 1 5  ( 1 0.02) 9 .31 <0.05 
4.4 Differential response of weeds to solarization 
Non-solarized seeds of E. cruss galli and C. bursa-pastor stored for one year germinated 
to 73.3% ± 5 .8  and 65 .3 ± 3 .6, respectively. However, soi l  solarization resulted in a 
complete suppression of the seed germination of the two species after 1 5  days of 
solarization at aJ l depths (2.5 cm - 1 5  cm). This indicates that seeds of the two species are 
very sensitive to solarization even for a short period of time and at deeper depths of the 
oi l .  
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fwo-way AN V A howed that final germination percentage of E. colona was 
affected significantly by both solarization duration (F = 80.6 P<O.OO I )  and depth of seed 
burial (F = 83 .8, P<O.OO I )  and their interaction (F = 20.7, P<O.OO l ). Final germination of 
non-solarized seeds was 75%. After 1 5  days of solarization, germination was completely 
inhibited for eeds buried at soi l  surface (2.5 cm) but seeds buried at 7.5 and 1 5  em 
germinated to 37% and 56.4%, respectively.  After 30 days of solarization. all the seeds 
were ki l led at the different depths of the soi l (Figure 2).  
S imilar to the final germination, germination rate of E. colona seeds was affected 
significantly by both solarization duration (F = 22.8, P<O.OO 1 )  and depth of seed burial (F 
= 1 1 7.8,  P<O.OO l )  and their interaction (F = 1 7.3, P<O.OO l ). Germination rate of nOll­
solarized seeds was 34.9, but increased to 38 and 40 after 1 5  days of solarization for 
seeds buried at 7.5 and 1 5  cm, respectively (Figure 2) .  The overall results of this 
experiment indicate that seeds of the three studied species are relatively more sensitive to 
solarization process than seeds of the summer annual P. oleracea (see results of the 
upcoming experiments). 
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Figure 2: Effect of soil solarization on the final germination percentage and germination rate 
(mean ± SE) of Echinochloa colona seeds solarized at different depths of the soil for different 
durations.  Germination percentage and rate for control were 75% ± 5.0 and 33 .8 ± 1 .4 ,  
respectively. Bars are the standard errors of  the means. 
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4.5 E ffect of pia tic type and thickne on olarization efficiency 
4. 5. 1 Effects on filiaL germination 
Threc-wa ANOV A showed significant effects for the main factors (type of plastic, 
depths of seed burial and solarization duration) on final germination percentage of P. 
oleracea seeds ( P< 0.00 1 ) Cfable 4). The most effective plastic sheets in suppressi ng 
seed germination were the thin and medium thickness of the transparent type. Tukey 
test showed that the final germination of both of these plastics (32.6% and 36.9%. 
respectively) was significantly lower than that of thick transparent and black sheets 
(44% and 5 1 .5% respectively). Deterioration in seed germination increased 
significantly with the increase in solarization duration. The overall fmal germination 
decreased from 55% after 1 5  days to 42% and 3 1  % after 30 and 45 days, 
respectively. Similarly, frnal germination was significantly greater at 1 5  cm depth 
(49.3%) than that of 2 . 5  cm depth (36.3%, Figure 3 and Table 5).  
The effect of the interaction between plastic type and duration was significant 
(P<0.05) (Table 4). The decrease in the fi nal germination with the increase in 
solarization duration was more pronounced for seeds of thin transparent than those of 
thick transparent and black sheets. The final germinations for seeds solarized under 
transparent thin, transparent thick, and black sheets were 49.4%, 52% and 67.7%, 
respectively after 1 5  days and were 1 8 .3%, 36.4% and 37.6%, respectively after 45 
days. The deteriorations in the seed germination after 1 5  days, as compared to noo­
solarized seeds (control), were 3 8 .2%, 3 5 .3% and 1 5 .4% for transparent thin, 
transparent thick and black plastics, respectively.  After 45 days, the deteriorations 
were 66.8%, 54.4% and 5 2.9%, respectively (Tables 5 and 6 and Figure 3) .  
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Table 4: Three-way ANOVA showing the effects of depths of seed burial , solarization duration 
and type of plastics on the final gennination percentage of fresh seeds of Portulaca oleracea. 
NS = insignificant different at P = 0.05. 
Source of variation df Mean Square F - Ratio P 
Plastic type (P) 3 0.272 29. 1 2  <0.001 
Duration (Du) 2 0.755 SO.S1 <0.001 
Depth (0) 1 0.600 64 .25 <0.001 
P x Du 6 0.030 3.33 <0.05 
P x D  3 0.0 1 3  1 .4 1  ns 
Du x D 2 0.027 2.94 ns 
P x Du x 0 6 0.005 0.535 ns 
Error 72 0.009 
Table 5: Effects of different plastic types, depth of seed burial and solarization duration on final 
germination percentage (means ± SE) of Portulaca oleracea fresh seeds. Germination 





1 5  30 45 
Black 2 .5 60.2 ± 4 . 1  4S. 1  ± 4 . 1  33.9 ± 4. 1  45.0 ± 3 .7 
1 5  77.0 ± 6.3 60.0 ± 2.S 45.0 ± 4 . 1  60.7 ± 4.6 
Overall 67.7  ± 4.5 54.0 ± 3.2 37.6 ± 3.3 5 1 .5  ± 3.2 
Trans Thin 2.5 36.4 ± 3.0 25.0 ± 1 ,9 1 0.0 ± 2.6 23.S ± 3.5 
1 5  62.4 ± 4. 1  35.0 ± 2.4 26.5  ± 1 .2 4 1 .3 ± 4.S 
Overall 49.4 ± 5.4 30.0 ± 2.4 1 S.3 ± 3.4 32.6 ± 3.5 
Trans med. 2.5 44.0 ± 2.3 34.2 ± 3.S 24.9 ± 2 .5  3 1 . 1 ± 2.5 
1 5  62. 1  ± 6.S 47.0 ± 2 .5  34.0 ± 3.8 46.3 ± 4 . 1  
Overall 51 .7  ± 4 .6 40.5 ± 3.2 27.5 ± 2 .3  36.9 ± 2 .6  
Trans thick 2.5 49.5 ± 1 .7 39.0 ± 3 .8 33.9 ± 4 .0 4 1 .2 ± 2.4 
1 5  57.0 ± 4.4 48. 1 ± 1 .6 4 1 .5 ± 4 .4 48.8 ± 2.7 
Overall 52.0 ± 2.0 43.5 ± 2.6 36.4 ± 3. 1  44.0 ± 1 .9 
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Table 6: Effects of plastic color and thickness, depth of seed burial and solarization duration on 
deterioration in final germination percentages (means ± SE) of fresh seeds of Portulaca 





Type 1 5  30 45 
Black 2.5 -24.7±5.2 -39.9±5.1 -s7.6±s.1 -43.8± 4.6 
1 5  -3.7±7.8 -25.0± 3.5 -43.7± 5.2 -24.2± 5.8 
Overall -1 s.4± 5.6 -32.5± 4.0 -52.9± 4.2 -35.7±4.0 
Transparent 2.5 -54.S± 3.8 -68.8±2.4 -87.S± 3.2 -70.2± 4.4 
Thin 1 5  -22.0± 5 . 1  -S6.2±2.9 -66.8± 1 .5 -48.4±6.1 
Overal l  -38.2±6.8 -62.5± 2.9 -77.1 ±4.2 -59.3±4.3 
Transparent 2.5 -4s.O± 2.9 -s7.s±4.8 -68.9± 3.1  -61 .2± 3.1  
Medium 1 5  -22.s± 8.5 -4 1 .3±3.1 -s7.s±4.8 -42.0± 5.1  
Overall -3s.3± 5.8 -49.3±4.0 -6s.7±2.8 -53.8±3.2 
Transparent 2.5 -38 . 1  ± 2.1 -s1 .2± 4.7 -s.7.6± 5.1  -4B.S± 3.9 
Thick 1 5  -28.8± 5.5 -40.0±2.0 -48. 1 ±S.S -38.9 ± 3.4 
Overall -3s.0± 2.5 -4s.6±3. 1 -54.4±3.9 -44.9±2.4 
The results showed that a considerable proportion of P. oleracea seeds resisted 
solarization for 45 days at 1 5  cm depth, so this proportion depended on plastic types 
and thickness. It varied from 26% under thin transparent sheets to 34%, 36.4% and 
45% under medium transparent, thick transparent and black sheets, respectively 
(Figure 3 and TabJes 5 and 6). 
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Figure 3: Effects of polyethylene thickness on final germination percentage and germination 
rate (mean ± SE) of Portulaca oleracea seeds solarized at different depths of the soil for 
d ifferent durations. Black bars = 2.5 cm and white = 1 5  cm depths. Germination percentage 
and rate for control were 80% ± 5.4 and 44.9 ± 0.8, respectively. 
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4. 5.2 Effects on germination rate 
Three-way ANDV A showed significant effects on gennination rate of P. oleracea 
eed for the main factors (type of plastic used in  solarization, depth of seed burial 
and solarization duration... P<O.OO l )  (Table 7). Generally the deteriorative effect of 
solarization on germination rate was less than that on final germination (Figure 3 and 
Tables 8 and 9). Tukey test showed that the germination rate of seeds solarized under 
thin transparent sheets was significantly lower than that of seeds of the other plastic 
types. The effects of duration and depth of seeds burial on germination rate was 
simi lar to their effects on final gerrnination percentage (Figure 3 and Tables 8 and 9). 
The effect of the interaction between each pairs of the main factors and the 
three of them on germina60n rate was significant (P<0.00 1 ). The exception was the 
interaction between plastic type and depth of seed burial (p>0.05) (Table 7).  The 
germination rate of seeds buried at both 2 .5  em and 1 5  em depth after 1 5  days of 
solarization was greater than that of the control (44.9). However, the difference was 
insignificant Also, germination of seeds at 1 5  em depth was faster than or equal to 
that of  the control under the black plastic after 30 and 45 days and under thick 
transparent plastic after 30 days of solarization. The significant reductions in 
germination rate were at 2.5 em depth after 45 days of solarization under all plastic 
types and at 2.5 and 1 5  em after 30 and 45 days under the transparent thin  plastic 
(Figure 3 and Tables 7and 8). These results further support the h igher efficiency of 
thin transparent sheets in  deteriorating the seeds, as compared to the other sheets. 
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Table 7: Three-way ANOVA showing the effects of depths of seed burial, solarization duration 
and type of plastic on germination rate of fresh seeds of Portulaca oleracea. NS = 
insignificant different at P = 0.05. 
Source of variation Of Mean Square F- Ratio P 
Plastic type (P) 3 496.8 81 .7 <0.001 
Duration (Du) 2 1869.9 307.7 <0.001 
Depth (D) 1 824.2 1 35.6 <0.001 
P x Du 6 1 5 1 .9 25.0 <0.001 
P x D  3 6.9 1 . 1 3  Ns 
Du x 0 2 41 5.6 68.4 <0.00 1 
P x Du x 0 6 44 .8 7.38 <0.001 
Error 72 6.08 
Table 8: Effects of d ifferent plastic types, depth of seed burial and solarization duration on 
germination rate (means ± SE) of Portulaca oleracea fresh seeds. Germination rate for control 





1 5  30 45 
Black 2.5 48.3 ± 0.7 42.8 ± 1 . 1  30.5 ± 0.9 38.6 ± 2.0 
1 5  49.3 ± 0.4 45.7 ± 0.6 44 .5 ± 0.3 46.5 ± 0.7 
Overall 48.7 ± 0.4 44.3 ± 0.8 35. 1 ± 2 . 1  4 1 .9 ± 1 .4 
Trans thin 2.5 46.6 ± 0.2 30. 5  ± 0.5 1 2.5 ± 2 .2 29.8 ± 4.2 
1 5  48.6 ± 0.6 30.6 ± 0.4 30.8 ± 1 .6 36.6 ± 2.6 
Overall 47.6 ± 0.5 30.5 ± 0.3 21 .6 ± 3 .7 33.2 ± 2.5 
Trans med. 2·5 47.6 ± 0 .9 34.2 t 2.2 32·5 t 1 .4 36.2 ± 1 .7 
1 5  43.3 ± 1 .9 42.7 ± 1 .3 4 1 .3 ± 1 .5 42.3 ± 0.8 
Overall 45.7 ± 1 .2 38.4 ± 2.0 35.0 ± 1 .5 38.5 ± 1 .2 
Trans thick 2.5 47.6 ± 0.4 38.2 ± 0.7 30.4 ± 0.4 38.8 ± 1 .8 
1 5  45.7 ± 1 . 1 47.3 ± 1 .2 39.9 ± 0.9 44.0 ± 1 . 1 
Overall 47.0 ± 0.5 42. 1  ± 1 .9 33.6 ± 1 .4 40.7 ± 1 .3 
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Table 9: Effects of plastic color and thickness, depth of seed burial and solarization 
duration on deterioration in germination rate (means ± SE) of fresh seeds of Portulaca 
o/eracea, calculated as a percentage of increase or decrease from the control .  
Polyet1ylene Duration (days) 
Type Depth 1 5  30 45 Overall 
Black 
2.5 
7.5± 1 .6 -4.6± 2.5 -32.0± 1 .9 -1 3.9± 4.5 
1 5  
9.8± 0.9 1 .9± 1 .4 -0.8± 0.7 3.6± 1 .5 
Overall 8.6± 1 .0 - 1 .3± 1 .B -21 .6± 4.6 -6.7±3.2 
Transparent 2.5 3.7± 1 .4 -32.0± 1 . 1 -72. 1 ±  4.9 -33.5± 9.5 
Thin 1 5  
8.3± 0.9 -31 .9± 0.9 -31 .4± 3.6 - 1 B.3± 5.8 
Overall 6.0± 1 . 1 -32.0± 0.7 -51 .7 ± B.2 - 25.9±5.6 
Transparent 2.5 
6. 1 ± 4.2 -23.7± 4.B -27.6± 3 . 1  -1 9.2± 3 .8 
Medium 1 5  
-3.6± 2.8 -4.9± 2.9 -B.O± 3.3 -5.7± 1 .9 
Overall 1 .9± 2.7 - 14 .3± 4.4 -21 .9± 3.4 - 1 4 . 1 ±2 .7 
Transparent 2 .5 
6.0 ± 0.9 -1 4.9± 1 .6 -32.2±Q.9 - 1 3.4± 3.9 
Thick 1 5  
1 .9±2.5 5 .6± 2.7 -1 1 . 1 ±  2.0 -1 .B± 2.6 
Overall 4 .7± 1 .2 -6. 1 ±  4 .3 -25.2± 3 .1  -9.3±2.9 
4.6 Effect of soil  amendments on solarization efficiency 
4. 6. 1 Effects on final germination 
Three-way ANOV A showed significant effects on final germination percentage of 
fresh seeds of P. o/eracea for both depth of seed burial and duration of solarization, 
but not for the type of amendment added to the soil  during soi l  solarization (Table 
1 0) .  The overall germination decreased from about 60% after 1 5  days of solarization 
to 35% and 25% after 30 and 45 days of solarization, respectively (Table 1 1 ) .  The 
deterioration in the seed germination, as compared to non-solarized seeds (control), 
was 25% after 1 5  days and 59% and 69%, after 30 and 45 days, respectively (Table 
1 2) .  The germination decreased from 56% at 1 5  cm depth to only 23% at the soil  
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urface (2 .5 em) (Table 1 1  and Figure 4) with deterioration in the germination of 
about 30% at 1 5  em depth and 70% at 2 .5  em depth (Table 1 2) .  Despite there was no 
signifi ant difference between the two amendments (manure and plant residues) and 
the control ,  the germination was lower for plots amended with manure (33%) than 
plots amended with plant residues (45%) and non-amended the plots (38 .2% Table 1 1  
and Figure 4) .  The deterioration in  the fmal germination was greater in  soi l  amended 
with cow manure (58%) than in soi l  amended with plant residues (43%), but not from 
non-amended soi l  (52%) (Table 1 2) .  
Table 1 0 :  Three way ANOVA showing the effects of amendments, depth o f  seed burial and 
solarization duration on final germinal percentage of fresh seeds of Portulaca oleracea. Ns = 
insignificant different at P = 0.05. 
Variation Of Mean- square F-ratio P 
Amendment (A) 2 0.0 1 7  223 Ns 
Depth (D) 1 2.5325 333.5 <0.00 1  
Duration (Dr) 2 0.9505 1 25.2 <0.001 
A*D 2 0. 1 8 1 6  23.9 <0.001 
A*Dr 4 0.0349 4 .6 <0.01 
D*Dr 2 0. 1 792 23.6 <0.U01 
A*I)*Dr 4 0.0 1 8 1  2.38 Ns 
Error 72 0.0076 
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Table 1 1 : Effects of different amendments, depth of seed burial and solarization duration on 
final germination percentage (means ± SE) of fresh seeds of Portulaca oleracea . .  Germination 




1 5  30 45 
Overall 
Without 2.5 44.0 ± 2.3 34.0 ± 3.8 24-9 ± 2.5 3 1 . 1  ± 2.5 
amendments 1 5  62.5± 6.4 47.0 ± 2.5 37.0 ± 1 .9 48.8 ± 3.8 
Overall 53.2± 4.7 40.5 ± 3.2 28.3 ± 2.4 38.2 ± 2 .6 
Manure 2.5 3 1 .4 ± 2.2 20.5 ± 2.3 0.0 ± 0.0 1 8. 1 ± 3.2 
1 5  81 .6 ± 4.8 45.5 ± 3.2 34.0 ± 1 .2 53.7 ± 6.4 
Overall 56.5 ± 9.8 28.8 ± 4.0 1 7.0 ± 6.4 33.4 ± 4.7 
Plant 2.5 28.6 ± 1 .7 1 8.3 ± 1 8.3 9.0 ± 1 .9 1 8. 1  ± 2.7 
residues 1 5  85. 1  ± 1 .7 45.9 ± 3.6 45.0 ± 1 .9 6 1 .4 ± 4.7 
Overall 66.3  ± 8 .1  36.7 ± 4 .6 27.0 ± 6.9 45.3 ± 4.8 
Overall 2 .5 34 .7 ± 2.3 23.3 ± 2.2 1 5.8 ± 2.9 23.3 ± 1 .8 
1 5  78 .6 ± 3 . 1  46. 1 ± 2.0 38.7 ± 1 .6 55.9 ± 3.0 
Overall 59.7 ± 4.6 34.7 ± 2.5 25.0 ± 2.8 4 1 .0 ± 2.5 
Table 1 2: Effects of different amendments, depth of seed burial and solarization duration on 






1 5  30 45 
Without 2.5 -45.0 ± 2.9 -57.5 ± 4.8 -68.9 ± 3 . 1 -61 . 1  ± 3. 1 
amendments 
1 5  -21 .9 ± 8.0 -4 1 .3 ± 3 . 1  -53.8 ± 2.4 -39.0 ± 4.8 
Overall -33.5 ± 5.9 -49.4 ± 4.0 -64.6 ± 3.0 -52.2 ± 3.3 
Manure 2.5 -60.8 ± 2.8 -74.4 ± 2.9 - 1 00.0 ± 0.0 -77 .4  ± 4.0 
1 5  2.0 ± 6.0 -43 . 1  ± 4.0 -57.5 ± 1 .4 -32.9 ± 8.0 
Overall -29.4 ± 1 2.3  -64.0 ± 5.0 -78.8 ± 8.0 -58.3 ± 5.8 
Plant 2.5 ;64.3 ± 2 . 1  c77.2 ± 3.5 ;88.8 ± 2.4 -76.7 ± 3.3 
Residues 1 5  6.4 ± 2.2 -42.6 ± 4.5 -43.8 ± 2.4 -23.9 ± 5.9 
Overall - 1 7.2 ± 1 0.2 -54.2 ± 5.8 -66.3 ± 8.6 -43.3 ± 6.0 
Overall 2.5 -56.7 ± 2.9 -70.9 ± 2.8 -80.2 ± 3.6 -70.8 ± 2.3 
1 5  - 1 .8 ± 3.9 -42.4 ± 2.4 -51 .7 ± 2.0 -30.3 ± 3.7 A ll  
Overall -25.3 ± 5.8 -56.6 ± 3 . 1  -68.8 ± 3.5 -48.8 ± 3. 1 
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Figure 4 :  Effects of different amendments, depth of seed burial and solarization duration on 
final germination percentage and germination rate (mean ± SE) of Portulaca oleracea seeds 
solarized at different depths of the soil for different durations. Black bars = 2.5 cm and white = 
1 5  cm depths. Germination percentage and rate for control were 77 ± 6.8 and 37.3, 
respectively. 
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Th interaction b tween amendments and depth of eed burial on final 
germination was als ignificant (P<O.OO I )  (Table 1 0) .  eeds buried at 2.5 em 
attain d significant! lower germination in soi l amended with both manure and plant 
rc idue ( 1 8% for th) than that f n n-amended soi l (3 1 . 1  %). On th other hand, 
,eed buried at 1 em were igni ficantly protected in oi l  amended with the plant 
r idue as ompared to non-amended soil .  The [mal germination at 1 5  em was 
6 1 .4°'0 in oi l  amended with plant re idues as compared to 48.8% in non-amended 
oi l (Table 1 1  and Figure 4). The difference between the two depths in seed 
germination inhibition, as compared to the non-solarized eeds, was 22. 1  % in non­
amended oiL but were 44.5% and 52.8% for soi l  amended with manure and plant 
re idue , respectively (Table 1 2) .  This result further uggests the deteriorative effect 
of both manure and plant residues for eeds buried at 2.5 cm and the protective effect 
for p lant residues for eeds buried at 1 5  cm. 
The interaction between amendment and duration of solarization on fmal 
germination was also significant, as indicated by three way ANOVA (P<0.0 1 )  (Table 
1 0). While there was no significant difference in the fmal germination after 1 5  days 
between the three treatments, the germination after 45 days was significantly lower in  
soil s  amended with manure ( 1 7%) than the in both soi ls  amended with plant residues 
(27%) and non-amended soi ls (28.3%). This result indicates that manure had a 
deteriorative effect after 45 days than that of the other two treatments (Table 1 1  and 
Figure 4). 
The analysis of variance showed significant interaction between solarization 
duration and depth of seed burial on fi nal germination (P<O.OO 1 )  (Table 1 0) .  The final 
germination percentage was greater at 1 5  em depths than at 2 .5  em by 43 .9 after 1 5  
days, and by 22.8 and 22.9 after 30 and 45 days, respectively (Table 1 1  and Figure 4). 
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At 1 cm, the deteriorati n m eed germination increased from 1 .8% after 1 5  days to 
5 1 .  7% after 45 day , but increased onl from 57% after 1 5  days to 80% after 45 days 
at 2 .5  cm depth (Table 1 2) .  
The 0 erall result of this experiment indicates that soi l  amendments, especial ly 
rganic manure. were efficient enough to inhibit germination of P.oieracea eed at 
the uperficial layer (2.5 cm) after 45 days of solarization. However, the amendments 
did not impro e the efficiency of solarization to control seeds buried at the lower 
depth ( 1 5  cm). In  fact, plant residues protect the seeds at 1 5  cm from deterioration as 
compared to the other two treatments (Figure 4 and Tables 1 1  and 1 2). After 45 days, 
deteriorations in eed germination., as compared to control, were 1 00% and 89% for 
eds buried at 2.5  crn in  soil s  amended with organic manure and plant residues, 
respecti e ly, but was only 69% for seeds of the same depth in the non-amended soi l .  
On the other hand, the overal l average of the three treatments showed about 52% 
deterioration in germination for eeds buried at 1 5  cm after 45 days. The variation 
between the three treatment was ignificant. The deterioration in germination of 
seeds buried at 1 5  cm in  soi l  amended with plant residues (44%) was significantly 
lower than that for seeds buried at the same depth in non-amended soi ls and in soi l  
amended with organic manure (54% and 5 7%, respectively) (Table 1 2). 
4.6.2 E ffect on germ ination rate 
The three-way ANOV A showed significant effects for the mam factors (type of 
amendment. depth of seed burials and duration of solarization on germination rate of 
P. oleracea seeds (P < 0.00 1 )  (Table 1 3 ) .  The increase in solarization duration was 
associated with a decrease in the speed of germination. The overal l germination rate 
decreased from 46 after 1 5  days to 36 and 23 after 30 and 45 days of solarization, 
'; \  
re pecti el (1 able 1 4 . ompared to non-solarized eed , germination rate increased 
b} 2 .4 after 1 5  da . and then decreased by 1 6  and 49 after 30 and 45 da s, 
re pecti el Crable 1 5 ). The germination was faster for eed buried at 1 5  cm (39) 
than that of those buried at the soi l  surface (32, Table 1 4). The deterioration in the 
germination rate was only 1 3  at 1 5  cm depth as compared to 29 at 2 .5  cm depth 
(Table 1 5 ). Regarding the amendments, the germination speed was significantly 
10\ er for plot amended with manure (30) than that of both amended with plant 
(36) and non-amended plots (39, Table 1 4). The deterioration in germination 
rate as highest in plots amended with manure (32.5) but decreased to 1 9.4% in  soi l  
amended with plant re idues and only to 13  in  non-amended plots (Table 1 5) .  
The interactions between each pair of the main factors and the three of them 
amendments, duration and depth) ere significant (P < 0.00 1 )  (Table 1 3  . There was 
no great variation betvveen germination speeds at the two depth after different 
durations of solarization in non-amended plots. The highest value (47.6) was at 2.5 
cm after 1 5  days and the lowest value (32.5)  was at the same depth after 45 days. 
Unlike the effect on final germination percentage, there was i nsignificant difference 
between the germination rate at the two depths after 1 5  days in the different 
amendments and after 30 days in soi l  amended with manure. in the other cases. the 
germination was significantly faster for seeds buried at 1 5  cm than that of those 
buried at 2 . 5  cm. Similar to the results of the effect on [rnal germination, the 
deterioration in the germination speed was greater after 45 days for seeds buried in 
p lots amended with manure and plant residues (Table 1 4  and 1 5  and Figure 4). 
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Table 1 3' Three way ANOVA showing the effects of amendments, depth of seed burial and 
solarization duration on germination rate of fresh seeds of Portulaca oleracea. 
Variation df MS F-ratio P 
Amendment (A) 2 3.8881 254.5 1 82 <0.001 
Depth (D) 4.3914 287.4628 <0.001 
Duration (Dr) 2 1 1 .6487 762.5323 <0.001 
A*d 2 1 .5 1 92 99.451 2  <0.001 
A*Dr 4 3.3399 21 8.6328 <0.001 
D*Dr 2 2.5955 1 69.9031 <0.001 
A*D*Dr 4 1 .6324 1 06.8552 <0 .001 
Error 72 0.01 53 
Table 1 4 :  Effects of different amendments, depth of seed burial and solarization duration on 
germination rate (means ± SE) of fresh seeds of Portulaca oleracea . .  Germination rate for 





1 5  30 45 
Without 2.5 47.6 ± 0.9 34 .3 ± 2.2 32.5 ± 1 .4 36.2 ± 1 .7 
amendments 
1 5  46. 1 ± 1 .9 42.7 ± 1 .3 4 1 .3 ± 1 .5 43.3 ± 1 .0 
Overall 46.8 ± 1 .0 38.5  ± 2 .0 35.0 ± 1 .5 39. 1 ± 1 .3 
tv1anure 2.5 43.0 ± 1 .6 33.0 ± 1 . 1  0.0 ± 0.0 27.6 ± 4.3 
1 5  47.3 ± 0.5 36.3  ± 1 .8 1 8.2 ± 2.4 33.9 ± 3.7 
c Overall 45 . 1  ± 34.6 ± 9. 1 ± 30.3 ± 2.9 
Plant 2.5 43.5 ± 1 .2 34 .9 ± 2.9 1 2.8 ± 1 .8 30.4 ± 4.0 
Residues 1 5  47.2 ± 0.9 42 .3  ± 1 . 1 1 9.3 ± 2.2 39.6 ± 2.5 
Overall 46.0 ± 0.9 39.8 ± 1 .5 1 6.8 ± 1 .8 36.2 ± 2.3 
Overall 2.5 44 7 ± 0.9 34 2 ± 1 .0 20.9 ± 3.4 31 . 7 ± 2.0 
1 5  46.9 ± 0.6 40.9 ± 1 .0 26.2 ± 3.4 39. 1  ± 1 .6 
Overall 46.0 ± 0.6 37.5 ± 0.9 23.0 ± 2.5 35.7 ± 1 .3 
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Table 1 5' Effects of different amendments, depth of seed burial and solarization duration on 




1 5  30 
Overal l  
45 
Without 2.5 6.0 ± 2.0 -23.7 ± 4.8 -27.6 ± 3 . 1  - 1 9.3 ± 3.8 
amendments 1 5  2.6 ± 4. 1  -5.0 ± 2 9 -8 1 ± 32 -3.5 ± 2 3 
Overall 4.3 ± 2.2 - 1 4.3 ± 4.4 -22.0 ± 3.3 - 1 2.9 ± 2.8 
Manure 2.5 -4 2  -t 3.7 -24.8 + 2.6 - 1 00.0 + 0.0 -38.4 9 5  
1 5  5.3 ± 1 . 1 - 1 9.2 ± 3.9 -59.5 ± 5.4 -24.5 ± 8.3 
Overall 0.5 ± 2.5 -23.0 ± 2.2 -79.7 ± 8.0 -32.5 ± 6.5 
Plant 2.5 -3. 1  ± 2.7 -22.2 ± 6.6 -7 1 .6 ± 4.0 -32.3 ± 9.0 
residues 1 5  5 . 1  ± 2 . 1  -5.8 ± 2.4 -57 . 1  ± 4.8 - 1 1 .7 ± 5.5 
Overall 2.4 ± 2.0 - 1 1 .3 ± 3.4 -64.4 ± 3.9 - 1 9.4 ± 5. 1  
Overall 2.5 -0.4 ± 2.0 -23.9 ± 2.2 -53.5 ± 7.6 -29.3 ± 4 .4 
1 5  4.5 ± 1 .4 -9.0 ± 2.2 -4 1 .6 ± 7.5 - 1 2.9 ± 3.6 
Overall 2.4 ± 1 .3 - 1 6.4 ± 2.0 -48.7 ± 5.4 -20.4 ± 2.9 
4.7 E ffects of eed age on solarization efficiency 
Percent germination of P. oleracea seeds was significantly lower for stored seeds 
(33 .9% and 36.9% for stored and fresh seeds; respectively at P<0.05) (Table 1 6).  The 
results of the gennination rate fol lowed the same trend as percent germination (Figure 
5). Seeds buried at 2.5 cm had a significantly lower fmal gennination percent than 
that of seeds buried at 1 5  crn (P<O.05). 
The analysis of variance also showed a significant storage by depth and depth 
by duration interactions (P<O.05)  (Table 1 6).  Germination percent was consistently 
lower for seeds buried at 2.5 cm (Figure 5) .  This highlights the efficacy of soil 
solarization in ridding crops of unwanted weeds, such as P. oleracea. Moreover, seed 
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germination percent, fi r b th burial depth , declined a the olarization duration 
increa ed. 
For gerrninati n rate, there was a significant depth by duration interaction 
(P<O.05) ( fab le 1 7). Germination rate of both fresh and stored seeds was consistently 
1 wer for the 2.5 em burial depth than that of the 1 5  em depth (Figure 5) .  
Table 1 6: Three way ANOVA showing the effects of seed age, depth of seed burial and 
solarization duration on final germination of Portulaca oleracea seeds. Ns: insignificant at 
P<O.05 
Source df Mean-Square F-ratio P 
Seed age (A) 0.291 45.751 <0.001 
Depth (D) 1 0.496 77.937 <0.00 1  
Duration (Dr) 2 0.225 35.352 <0.001 
A*d 0.029 4 .556 <0.05 
A*Dr 2 0.005 0.709 Ns 
D*Or 2 0.025 3.937 <0.05 
A*D*Dr 2 0.004 0.662 Ns 
Error 4 1  0.006 
Table 1 7: Three way ANOVA showing the effects of seed age, depth of seed burial and 
solarization duration on germination rate of Portulaca aleracea seeds. Ns: insignificant at 
P<0.05. 
Source df Mean-Square F-ratio P 
Seed age (A) 1 0.092 8.083 <0.01 
Depth (D) 1 0.208 1 8.289 <0.00 1  
Duration (Dr) 2 0.207 1 8.262 <0.001 
A*d 1 0.000 0.04 1 Ns 
A*Dr 2 0.005 0.443 Ns 
D*Dr 2 0.094 8.239 <0.001 
A*D*Dr 2 0.0 1 7  1 .522 Ns 
Error 4 1  0.01 1 
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Figure 5: Effects of seed age (stored vs . fresh), depth of seed burial and solarization duration 
on final germination percentage and germination rate (mean ± SE) of Portulaca oleracea 
seeds. 
4.8 Effect of eed ource on olarization efficiency 
4.8. 1 Germination percentage 
1 hree-\i ay AN V A howed ignificant interaction between depths of s e  d burial and 
duration of larization on the final germination percentage of fresh seeds of P 
oleracea ( P  .0 ) ( rable 1 8) .  1 he overall germination percentage decrea ed from 
1 9.3�·o after 1 5  days of olarization to 8 .4% and 5 .6% after 30 and 45 day of 
olarization, re p ctively for eed buried at 2 .5  cm. For s ed buried at 7.5 cm the 
overal l germination percentage decreac;ed from 34. 1 % after 1 5  days of solarization to 
24. 1 % and 1 2.6% after 30 and 45 days of solarization, respectively.  The overal l 
germination percentage for seed burial at 1 5  cm decreased from 47.6% after 1 5  days 
of eed solarization to 39.5% and 22.6% after 30 and 45 days of solarization, 
re pectively igure 6 and Tabl 1 9) .  The analysis indicated that there was al so a 
ignificant i nteraction between depth of seed burial and source of seeds on the 
germination percentage (P<0.05) (Table 1 8) .  
The overall gennination percentage for Canadian seeds de�rea.sed from 34.5% 
at 1 5  cm depth of burial to 23 .2% and 6. 1 %  for seeds depth of burial at 7 .5  cm and 2 .5  
cm respecti ely. The germination percentage for Egyptian and U AE seeds decreased 
from 36.7% at 1 5  cm depth to 1 2 .6% and 1 2.3% at 7.5cm and 2.5  cm, and from 
38.8% at 1 5  cm of seed depth of burial to 30% and 1 4 . 8% at 7.5cm and 2.5 of seed 
depth of burial, respectively (Figure 6 and Table 1 9) .  The analysis also indicated that 
there was a ignificant interaction between duration of solarization and seed sources 
on germination percentage of P. oleracea (P<0.05). The overal l germination 
percentage for Canadian seeds decreased from 30% after 1 5  day of solarization to 
23 .5% and 1 0 .4% after 30 and 45 days of olarization, respectively (Figure 6 and 
able 1 9). The overall germination percentage for Egyptian seeds decreased from 
33 .49% after 1 5  days of solarization to 22.3% and 1 0 .6% for 30 and 45 days of 
solarization, respectively. 
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Table 1 8  Three-way ANOVA showing the effects of depth of seed burial ,  solarization and seed 
source on the final germination percentage of fresh seeds of Portulaca oleracea. NS = 
insignificant different at P = 0.05. 
Variation df Mean Square F. Ratio P 
Sources (S) 2 0.0463 7.3427 <0.01 
Depths (D) 2 0.6387 1 0 1 .3868 <0.001 
Duration (DU) 2 0.3985 63.2505 <0.001 
DE x S 4 0.01 62 2.5754 <0.05 
DE x DU 4 1 .0055 0.872 1 Ns 
DU x S  4 0.0206 3.2629 <0.05 
DE x DU x S 8 0.0053 0.8426 Ns 
Error 80 0.0063 
Table 1 9 : Effect of depths of seed burial, olarization duration and seeds sources on 
the final germination percentage (means ± E) for fresh seeds of Portulaca oleracea. 
Depth Duration Overa ll  
(em) (days)_ UAE �pt Canada 
2 5  1 5  22.0 ± 2.6 25.6 ± 4 . 1  1 0.2 ± 1 .06 1 9.3 ±2.6 
30 1 1 .8 ± 3.7 7.3 ± 2. 1 5  6.0 ± 1 . 1 8.4 ± 2.3 
45 1 0.7 ± 1 .3 4 . 1  ± 1 .64 2.0 ± 2.0 5.6 ± 1 .6 
Overall 1 4 .8 ± 2.5 1 2.3 ± 2.6 6.1 ± 1 .4 1 1 . 1  ± 2.2 
1 5  40.2 1: 3.7  28.0 1: 3.6 34. 1 1: 4 .8 34 . 1 1: 4 .0 
30 25.36 ± 2.43 20.46 ± 2.96 26.59 ± 9.4 24. 1 4  ± 5.34 
7.5 45 24 .4 ± 3.6 4.2 1: 1 .6 9.0 ± 1 .0 1 2.6 1: 2.0 
Overall 30.0 ± 3.3 1 7.6 ± 2.8 23.2 ± 5. 1  23.6 ± 3.8 
1 5  50.2 ± 5. 1  46.9 ± 3.2 45.6 ± 5.4 47.6 ± 4.6 
30 41 .2 ± 2.5 39.2  ±2.5 38.0 ± 4.8 39.5 ± 3.2 
1 5  
45 24.0 ± 3.6 23.6 ± 4.2 20.2 ± 3.6 22.6 ± 3.8 
Overall 38.5  ± 3.7 36.6 ± 3.3 34.6 ± 4.8 36.5 ± 3.9 
1 5  37.5 ± 3 7  33.5 ± 3.7 29.9 ± 3 7 33.6 ± 3 7 
Overall 30 26. 1  ± 2.9 22.3 ± 2.5 23.5 ± 5. 1  24.0 ± 3.5 
duration 45 1 9.7 ± 2.9 1 0.6 ± 2 .5 1 0.4 ± 2 .2 1 3. 5 ± 25 
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Figure 6: Effects of Seed source, depth of seed burial and solarization duration on final germination 
percentage and germination rate (mean ± SE) of Portulaca oleracea seeds. 
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The anal i howed that there was no ignificant interaction between the three 
variable , namely, depths of seed burial, duration of solarization and sources of seeds 
( P>O.OS) .  
4.8.2 Germination rate 
Three-way ANOY A showed significant interaction between depth of seed burial and seed 
source on germination rate of fresh seeds of P. oleracea (P<O.OS) (Table 20). The overall 
gennination rate for Canadian seeds decreased from 34.9 at I S  cm depth of seed burial to 
28.8 and 2 1 .7 at 7.S cm and 2.S cm depths of seed burial, respectively (Figure 6 and Table 
2 1 ). The overal l germination rate for Egyptian seeds decreased from 38.2 at 1 5  cm depth of 
seed burial to 3S . 1 and 33 at 7.5cm and 2.5 em depths of seed burial. respectively Cfable 2 1 ) . 
The 0 eral l germination rate for UAE seeds changed from 39.2 at 1 5  crn depth of seed burial 
to 38.9 and 42.4 at 7.5 cm and 2.5 cm depths of seed burial, respectively (Figure 6 and Table 
2 1 ). 
The ANOV A also showed that there was also a significant interaction between duration 
of solarization and seeds source on germination rate of P. o/eracea (P<0.05), (Table 20). The 
oYe'rall gennination rate for Canadian seeds decreased from 36.2 after 1 5  days of solarization 
to 27.3 and 22.0 after 30 and 4S days of solarization, respectively (Figure 6 and Table 2 1 ). 
The overall germination rate for Egyptian seeds decreased from 43% after 1 5  days of 
solarization to 33 and 3 1 .3 after 30 and 45 days of solarization, respectively (Table 4). The 
overall  germination rate for UAE seeds declined from 42.4 after 1 5  days of solarization to 
3S . 1 and 3S.3 after 30 and 45 days of solarization, respectively (Figure 6 and Table 2 1 ). The 
ANOVA indicated that there was also a significant interaction between depth of seed burial 
and duration of solarization on germination rate of P. o/eracea ( P<0.05) (Table 20). The 
overall germination rate for depth of seed burial at 2.5  cm decreased from 37. 1 after 1 5  days 
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of olarization to 28. 1 and 24. 1 after 30 and 45 days of solarization, respectively (Figure 6 
and Table 2 1 ). 
The overal l germination rate for depths of seeds burial at 7.5 em and 1 5  c� decreased 
from 42 after 1 5  days of larization to 3 1 .4 and 29.5, and from 4 1 .6 after 1 5  days of 
olarization to 35.9 and 34,9 after 30 and 45 days of solarization, respectively (Figure 6 and 
Table 2 1 ). The ANOV A showed that there was no significant interaction between the depth 
of seed burial ,  duration of solarization and source of seeds on the germination rate of 
Portulaca oleracea (P>0.05), (Table 20). 
Table 20: Three-way ANOVA showing the effects of depth of seed burial , solarization duration and seed 
source on germination rate of fresh seeds of Portulaca oleracea. NS = insignificant at P = 0.05. 
Variation df Mean Square F. Ratio P 
Sources (S) 2 1 .042 43.01 3  <0.00 1  
Depths (DE) 2 0.697 28.772 <0.00 1  
Duration (OU) 2 1 . 1 72 48.365 <0.001 
DE x S 4 0. 1 51 6.237 <0.00 1 
DE x OU 4 0. 1 05 4.3 1 7  <0.01 
DU x S 4 0.084 3.487 <0.05 
OE x DU x S 8 0.0 1 7  0 .7 1 4  ns 
Error 80 0.024 
6 1  
Table 2 1 : Effects of depths of seed burial, solarization duration and seeds source on the germination 
rate (mean ± SE) of fresh seeds of Portulaca oleracea. 
Sources 
Depth Duration Overa ll  
UAE Egypt Canada 
1 5  4 1 .25 ± 1 .96 29.53 ± 1 .71  40.50 ± 1 .26 37.09 ± 1 .64 
30 32.5 ± 2.63 
2.5 
21 .71 ± 2.44 30.00 ± 2 . 1 6  28.07 ± 2.43 
45 30. 1 7  ± 2 .42 1 3 .82 ± 2.38 28.44 ± 4.0 24. 1 4  ± 2.93 
Overall 34.64 ± 2.34 21 .69 ± 2. 1 8  32.98 ± 2.47 29.77 ± 2.33 
1 5  43.54 ± 1 .32 38.65 ± 2.34 43.66 ± 1 . 1 0  41 .95 ± 2.0 
30 37.33 ± 1 .76 25.53 ± 1 .60 31 .25 ± 4.27 31 .37 ± 2.54 
7.5 
45 35.83 ± 2 . 1 0  22.25 ± 1 .03 30.50 ± 2.50 29.53 ± 1 .88 
Overall 38.90 ± 1 .73 28.81 ± 1 .64 35. 14  ± 2.62 34.28 ± 2.0 
1 5  42.4 ± 1 .42 36. 1 6  ± 2.55 42.98 ± 1 .62 40.21 ± 1 .86 
30 35.07 ± 1 .78 27.29 ± 2.29 32.97 ± 2.69 31 .78 ± 2.25 
1 5  
45 35.28 ± 1 .65 22.00 ± 1 .81 31 .26 ± 2.92 29.51 ± 2 . 1 3  
Overall 37.58 ± 1 .62 28.48 ± 2.21 35.44 ± 2.41 33.83 ± 2.08 
2.5 42.41 ± 0.98 2 1 .69 ± 2. 1 8  32.98 ± 2 .47 4 1 .6 ± 2.33 
Overall 7.5 38.90 ± 1 .73 28.81  ± 1 .64 35. 14  ± 2.62 34.28 ± 2.0 
Depths 1 5.0 39.2 1  ± 1 .03 34.95 ± 2.82 38.20 ± 2 . 1 4  37.45 ± 2.0 
Overall 40. 1 7  ± 1 .24 28.48 ± 2.21 35.44 ± 2.41 37.78 ± 2. 1 1  
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(])ISCVSSION 
5. D I SCUSSION 
5. 1 Effect o f  olarization Qn weed con trol 
oil olarization has been de cribed as an effective method in controll ing several soi l-borne 
pathogens and weeds, especially in hot arid regions. For example, in a greenhouse which 
pr duces ornamental crops in Jose C. paz Argentina, soi l  solarization for 42 days 
significantly reduced populations of the annual summer weeds Amaranthus hybridus and 
galinsoga ( Galinsoga parviflora), and of the annual winter weeds Medicago arabica, 
Stellaria media, Sonchus oleraceus and Coronopus didymus, as compared to control plots 
(Moya and Furukawa, 2000). Similarly, in south Italy, Mauromicale et al. ,  (200 1 )  reported 
that soi l  solarization achieved a total control of Orobanche crenata, since no shoots emerged 
from the treated soi l .  In contrast, in non-solarized plots, shoots of 0. crenala emerged and 
were present at high intensity ( 1 3  - 44 shoots per faba bean plant) (Mauromica]e et aL �OO 1 ). 
In  addition, soi l  solarization up to 30 days in Coimbatore, Tamil Nadu, India, signi ficantly 
reduced density and dry weight of Cyperus rotundus and Cynodon dactylon weeds, thereby 
increased plant growth characters (plant height, leaf area index and dry matter production), as 
compared to non-solarized plots and hand weeding at 40 days after sowing (Sivakumar et ai .,  
200 1 ). In the present study, overall weed population density and dry weight were 
significantly greater i n  solarized than in non-solarized plots. 
Different studies have shown differential response of weeds to the solarization process. 
For example, in Piedmont, northern Italy, solarization resulted in a good control for 
Chenopodium polyspermum, Galinsoga parviflora, Stellaria media and Solanum nigrum, but 
not against the monocots weeds (Tamietti and Valentino, 2000). In addition, in Turkey, 
solarization reduced the population of many weeds in strawberry plantation including P. 
oleracea, Poa annua, Amaranthus spp., Raphanus raphanistrum and Matricaria chamomilla, 
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but not Conyza canadensis ( Boz 2004). In India, soi l  solarization for five weeks reduced the 
emergence of al l the weeds in wheat except Convolvulus arvensis (Singh et aI . ,  2003). In 
another srudy in India, the deteriorative effect of solarization on Cyperus rotundus was less 
than that of Eleusine indica, Echinochloa colona and Cenchrus ciliaris. Soil solarization 
reduced yperus rotundus population by 63-65% whereas Eleusine indica, Echinochloa 
colona and Cenchrus ciliaris were reduced by 80% (Chopra and Chopra, 2004). In Tunisia, 
soi l  solarization by mulching with polyethylene for 60 days during summer in a potato field 
was effective in eradicating all the annual weeds, but not the perennial weed Convolvulus 
arvensi (Triki et al . 200 1 ) . 
Results of the present study showed that L. mucronata, C. bursa-pastors and E. colona 
were completely absent in the solarized plots, indicating that these species are most sensitive 
to sol arization process. In addition, soi l  solarization resulted in significant reductions in 
frequency of occurrence population density and dry weight of A. viridus, A.  hybridus, C. 
ciliaris, C. murale and M parviflora. On the other hand, solarization did not affect population 
density and dry weight of Portulaca oleracea and dry weight of Melilotus indica indicating 
that these species are more resistant to solarization than the other species. Elmore ( 1 99 1 )  
concluded that winter annual weeds are most effectively controlled by soi l  solarization than 
summer annuals. In the present study, most of the eradicated species are winter weeds Table 
2)  . 
P. oieracea, which was one of the less susceptible weed to solarization in the present 
study, is a summer annual, but can grow in winter under the favorable winter in the UAE. 
This species was reported as susceptible weed to soi l  solarization in Turkey (Campiglia et  al . ,  
2002; Boz, 2004; Benlioglu et al ., 2005), Greece (V izantinopoulos and Katrarus, 1 993) ,  Israel 
(Horowitz et al . ,  1 983), but less affected in Argentina (Bustamante,et at. ,  2003) and in 
Cal i fornia (Elmore; 1 983;  Bel l  and Elmore, 1 99 1 ). In UAE, germination of P . oleracea seeds 
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olarized for 26 da s was signi ficantly greater than seed of winter weeds, indicating that 
ceo" of P nIno eo are more resi tant to solarization than most of the other winter weeds 
(EI-KebJawy et a1 . ,  2004). 
The re ults of the present study also indicated that population density and dry weight of 
M indico in solarized plots were not different from that of control,  indicating that this species 
i also re istant to solarization. This result agreed with several other studies which examined 
the effect of solarization on Melilotu indica. In New Delhi, Arora and Yaduraju ( 1 998) 
reported that solarization for 30 days signifi cantly reduced the nwnber of several weedy 
pecies, whereas M indica was not affected at all. Similarly, Yaduraju and Ahuja ( 1 996) 
tudi ed the effect .of soil solarization on annual weed control and found the effects on 
Cyperus rotundus and M indica were not satisfactory, but the control of A vena sterilis subsp. 
ludoviciana and Phaloris minor was complete. Furthermore, Elmore ( 1 99 1 )  indicated that 
A{elilotus, Medicago and Portulaca spp. �ere not controlled by soil solarization in Cal ifornia. 
The r�istant of M indim to SOlan7(ltion could he attrihuted to the hard seed coat of the seed!' 
of till pecles. 
Direct thermal inactivation of soilborne pest organisms is the most obvious mechanism 
of soil solarization process (Stapleton, 2000). Solarization increases soil  temperature to levels 
that are lethal to many plant pathogens and pests. Several studies have shown that thermal 
death of plant pathogens and weeds is above 50 °C and that temperatures beLow 45 °C are 
considered to be "sublethal" and can kill soilborne pathogens and weeds if  maintained for 
long period (Munnecke et al .,  1 976; Pul lman et al . ,  1 98 1 ). The effectiveness of solarization 
for direct thermal inactivation of pathogens is dependent on a nwnber of physical factors, 
including solar radiation intensity and duration, air temperature, amount of humidity at the 
soil surface beneath the traps. properties of the plastics and the treated soi l .  The weather 
conditions during summer in the UAE are characterized by high intensity of solar radiation 
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and by high temperature . The recorded temperatures in a solarization e perirnent during the 
summer under the en ironment of the DAE were much higher than that recorded in most 
olarization studies in other parts of the world (AI-Masoum et al . 1 998;  EI-Keblawy et al . ,  
2004). Maximum temperature ranged between 33.5 °c and 70. 1 °c at  soi l  surface and 
between 40. 1 0 and 52.6 °c at 1 0  cm depth. The maxim um increases in soil temperature 
over that of control were 3 1 .5 ° at soil surface and 1 6.7  °C at 1 0  em depth ( E1-Keblawy et 
a1., 2004). imilarly, Al-Masoum et al .  ( 1 998) in a field experiment conducted in AI-Ain, 
UAE found that the maximum temperatures reached under the transparent cover were 60.3 
°c 53.3 °c and 5 1 °C at depths 5,  1 0, and 20 cm, respectively . These temperatures were 
considered lethal for many plant pathogens and weeds (Munnecke et al . ,  1 976; Pul lman et aI . ,  
1 98 1 ). 
5.2 Effect of sola rization on crop yield 
Weeds strongly compete with the crops for l ight, water and mineral nutrients. Weed control 
thus saves these resources for the crops and consequently increases crop productivity and 
yield. For example, L inke et al . ( 1 99 1 ) attributed the increase in the crop biomass and seed 
yield of three food legumes to weed control .  especially the parasitic Orbanche. In the present 
study soi l  solarization significantly reduced population density and dry weight of most of the 
recorded weeds and significantl y  i ncreased the cabbage y ield. Solarization i ncreased the 
average yield of cabbage by about 1 9% than that of contro l .  Similarly, the average head 
weight increased by about 32% than that of the control plots. Similar results have been 
reported in different regions all over the world. In the UAE, solarization resulted in 94% 
weed control and 3 7% increase i n  cabbage weight, as compared to unweeded nonsolarized 
plots ( Saghir, 1 998). Similarly, solarization has resulted in a significant reduction in weed 
biomass and a significant increase in  lettuce y ield in the UAE (Al-Masoum et al . ,  1 993) .  
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The combined effects of soi l  disinfestation of soi lborne pathogens and weeds and the 
increase in soil ferti l ity could also explain the increase in cabbage yield in. the present study 
( ivakumar et al . ,  200 1 ;  D'Anna 2003 ' Lira-Saldivar et al ., 2004). For example, the greater 
increase in soil  temperatures resulted in the weed control, which was reflected in a greater 
reduction in the emergence and growth of weeds, and consequently, in higher melon yield in 
solarized treatments as compared to non-solarized plots (Lira-Saldivar et aI . ,  2004). The 
melon yield was 1 1 .83 t/ha in non-solarized plots as compared to almost 30 tJh in solarized 
treatments (Lira-Saldivar et aI., 2004). In Italy, solarization increased soi l  temperature, which 
was considered lethal for several soil  pathogens and numerous weed seed (D'Anna, 2003) .  
This lead to higher yields and better qual ity of  strawberry . fruits in solarized than that i n  
untreated control and fumigated soil (D'Anna, 2003). Similarly Sivakumar e t  a 1 .  (200 1 )  
revealed that soi l  solarization up to 30 days in Coim.batore, Tami l  Nadu, India, significantly 
reduced density and dry weigbt of dominant weeds thereby increased maiz growth cbaracters 
(plant height, leaf area index and dry matter production) in  as compared with non-solarized 
plots and band weeding at 40 days after sowing. 
The increase in the available mineral nutrients in the soi l  can play a major role in the 
effect of solarization, leading to better plant health and growth, and reduced ferti lization 
requirements. For example, Mauromicale et a1. (2005) indicated that solarization dramatical ly 
improved grain yield of different genotypes of both faba bean and chickpea by 300-900% due 
to increased N avai labi l ity in soil, N accumulation in plants. improved p lant growth, and 
complete control of the parasite weed Orobanche crenata. Kumar et a 1 .  (2003b) indicated 
that nutrient uptake by the crop was higbest in the solarized plots, whereas the uptake by the 
weeds was highest in the nonsolarized plots. 
67 
5.3 Effect of solarization on soil fertility 
The results of the present study indicated that soil solarization significantly increased the 
concentrations of some macronutrients such as calcium.. magnesium, nitrate .and sulfate, and 
micronutrients such as cupper, iron and zinc, over those of non-solarized plots. Simi lar 
positive effects of soi l  solarization on soi l  chemical characters have been documented in 
several other studies. In India for example the available nitrogen and potassium, and organic 
carbon, as wen as the electrical conductivity and pH increased after solarization, but 
phosphorus content decreased (Sharma et aI., 2004). Sharma and Sharma (2002) arrived to a 
simi lar result in India, as soil solarization increased available nitrogen, potassium, organic 
carbon contents, electrical conductivity and pH, but decreased the phosphorus content. In 
Cal i fornia, the arnmonium- and nitrate-nitrogen concentrations in the top 1 5  cm soi l  depth 
increased by 26- 1 77 kg/ha, over non-solarized plots (Stapleton and DeVay, 1 995). 
Similar I "' soil solarization for 60 days dudDf! the summer in southeastern BraziJ resulted in 
sharp increase in the concentrations of soi l  ammonium nitrogen and DTPA-cxtractable-Mn 
(patricio et al. 2006). In addition, in south Italy, solarization significantly increased the 
concentrations of nitrate nitrogen, sodium, zinc, calcium and potassium in the soi l  extract, 
and the total nitrogen accumulated in the whole plant (Mauromicale et al . ,  2005). 
Increase in  the concentration of some mineral nutrient concentrations have been 
attributed to decomposition of organic components of soi l  during solarization, while other 
minerals might be virtually cooked off the mineral soi l  partic les undergoing solarization 
(Chen et al . ,  1 99 1 ). Gelsomino et a1. (2006) argued that soi l  solarization promoted the 
mineralization of readily decomposable pools of the native soi l  organic matter (e.g. the 
microbial biomass). 
5.4 E ffects of pia tic thicknes and colors on olarization efficiency 
The results of the present study showed that the transparent polyethylene sheets were more 
effective in the deterioration of P. oleracea seed germination than that by black sheets. I n  
addition, thin (50 mlUll) and medilUll (75  mlUll) transparent sheets were more efficient than 
thick transparent sheets ( 1 50 mum). Several studies in different regions of the world showed 
that transparent polyethylene is more effective in increasing soi l  temperatures and 
consequently in control l ing soi l  pathogens and weeds, than black polyethy lene. For example, 
in Iraq, s.oil temperature at 1 0  .em ..depth was ..greater under transparent sheets (49.7 °C) 
compared to under black polyethylene sheets (45.9 °C) (Brighton, 1 972). Similarly, the 
increase in soi l  temperature by solarization in India, over that of control, was 8 . 1 -9.5 °c for 
transparent sheets but was 2-3 .4 °c for black sheets (Mudalagiriyappa et aI ., 1 999). 
Polyethylene is an ideal fi lm for solar heating of soi l because; it is  essential ly transparent to 
sol ar radiation (280-2500 nm), extending to the far i nfra-red, but much less transparent to 
terrestrial radiation (5000-3500nrn), and thus reducing the escape of heat from the soi l  
(DeVay, 1 99 1 ). O n  the other hand, black polyethylene contains carbon blac k  that does not 
permit passage of most solar radiation. Rather, it absorbs solar radiation and this rescues the 
heating of soi l  by several degrees. However, black polyethylene is more stable and lasts 
considerably longer .under field £.onditions (Streck et aL 1 995). 
Several studies have evaluated the effect of plastic thickness on solarization efficiency 
(Saleh et al . ,  1 990; Habeeburrhman and Ho smani , 1 996; Mudalagiriyappa et al . ,  1 999; 
Marenco and Lustosa, 2000). In Jordan, Saleh et al . ( 1 990) found that polyethylene mulches 
with medium thicknesses (60-80 mum) increased soil temperature more than the thinner (40, 
60 mum) and thicker mulches ( 1 00, 1 20, and 200 mum). In addition, Mudalagiriyappa et al . ,  
( 1 999) showed that solarization with 50 mum transparent polyethylene attained greater pod 
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yield in khari f groundnut in I ndia as compared to the 75 mum of the same plastic and black 
heets. Habeeburrhman and I losmani ( 1 996) concluded that solarization with 50 mum 
transparent pol eth lene resulted in a greater grain y ield in kharif sorghum and greater 
reduction in  weed biomass as compared to the 1 00 mum transparent and black sheets. 
In addition to decreasing the germination percentage the solarization with thin 
tran parent polyethylene sheets significantly reduced the germination rate for seed solarized 
at both 2.5  and 1 5  em depths for 30 and 45 days. The germination rate for seed solarized at 
2.5  em for 45 days was 1 2.5  as compared to 44.9 for non-solarized seeds. The lower rate of 
germination indicated that seedl ing emergence in solarized soi l  wil l  be delayed behind the 
emergence of the grown crops. Consequently, the emergent seedl ing of P. oieracea, 
especial ly those from surface layer, would face soi l  dryness and hence greater mortal ity 
fol lo wing their emergence. 
The deterioration in seed germination was significantly greater for seeds of surface soil  
layer (2 .5  cm) than that of the deeper depth ( 1 5  cm).  This indicates that solarization would 
help in greater deterioration of the soil  seed back in the surface layer than the deeper layer. 
Consequently, our results showed that it is important to prepare the soi l  for cultivation prior 
to solarization process and to avoid any plowing or any kind of soil disturbance that would 
bring the viable seeds of the deep layer up to the soi l  surface. 
5.5 Effect of Organic amendments on solarization efficiency 
The effectiveness of soil solarization on weed seeds varies with type and size, soi l  depth, 
plastic type, soi l  type and duration of solarization (Elmore, 1 99 1 ,  1 995; Linke, 1 994). It is 
wel l  documented that long periods of solarization are required for thermotolerant species, 
wlllch can be unsatisfactory in intensive �ulture. One way to reduce solarization period is 
by using soi l  amendments that augment the kil l ing effect of this technique ( J- Iaidar et aI . ,  
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1 999' tapleton 1 997 and 2000). Combining solarization with organic amendments has a 
ignificant potential for improving pathogen control and crop production, especially when 
olarization alone cannot provjde adequate control of the target pathogens (Ramirez­
V i l lapudua and Munnecke, 1 987; Chellemi et ai.,  1 997). For example, in Lebanon, the 
combination of solarization and chicken manure for 2-6 weeks is regarded as an effective 
weed management practice to control Orobanche, which is resistant to solarization alone. 
his  was more pronounced at deeper depths in subsequent planting of cabbage, compared to 
olarized, non-amended soi l  (Haider and Sidahrned, 2000).  Similarly, the appl ication of 
organic manures prior to solarization improved solarization process and reduced the weed 
growth and dry matter production i n  Bangalore, Karnataka, I ndia (pradeep et aI . ,  2005). I n  
I taly, organic matter amendments performed better control for weed as compared to inorganic 
amendments or non-amended soi ls (DIAnna, 2003).  I n  Mexico, goat manure increased soi l  
temperature by 1 . 5 to 2 . 5  °c, but had an apparent antagonistic effect o n  weeds tolerant to 
solarization alone, such as Cyperus esculentus Portulaca oleracea, setaria genicu/ata and 
Amaranthus hibridus (Lira-Saldivar et aI . ,  2004) .  
The results o f  the present study indicate that soi l  amendments especially orgaruc 
manure, were efficient enough to inhibit germination of P. oleracea seeds at the superficial 
layer (2.5  em) after 45 days of solarization. By that time, deteriorations i n  seed germination 
as compared to control. were 1 00% and 89% for seeds of soi ls amended with organic manure 
and plant residues, respectively, but was only 69% for seeds of non-amended soiL Katan 
( 1 98 1 )  suggested that solarization might increase the rate of degradation of organic manure to 
cause accumulation of biotoxic volatile compounds in vapor and l iquid, which act as 
biofumigation of the soil .  The toxicity of the generated volatile compounds is expected to be 
higher at the high soi l  temperature prevai l i ng during solarization. In addition, organic manure 
hel ps in the increase of soi l  temperature accompanyi ng the decomposition of these materials 
7 1  
in the soi l  ( arnliel and tap ieton, 1 993 ; Stapleton, 1 998). The increased plant residues and 
organic manure helps increa e the heat carrying capacity of the soil  ( tapleton, 1 997). 
rhe results also howed that the amendments did not improve the efficiency of 
olarization to control seeds buried at the lower depth ( 1 5  cm). I n  fact, plant residues protect 
the eed at 1 5  em from deterioration as compared to the two treatments. The deterioration in  
germination of seeds buried at 1 5  cm in soil amended with plant residues (44%) was 
significantly lower than that of the seeds buried at the same depth i n  non-amended soi ls and 
in soil amended with organic manure ( 54% and 57%. respeGtively). The lower e:ffiG-iency of 
plant residues in deteriorating germination of seeds buried in soi l amended with plant 
residues would be attributed to the nature of these residues and the way of its incorporation. 
The amended plant residues were dry Rhodes grass, which is composed mainly of cel lulose 
and fibers, and hard for decomposition by soil microflora. Coelho et al . ( 1 999) arrived to a 
simi lar result with cabbage amendment into soi l s  at North Florida and attributed the 
inefficiency of incorporation of cabbage in enhancing soi l  solarization to reduce populations 
of Phytophthora spp. to the method of the preparation of cabbage and its incorporation into 
the soil .  In both the present study and that of Coelho et aI., ( 1 999), the plant residues were 
amended on the soi l  surface without grinding it to fi ne powder, unl ike most of other studies 
that appl ied different kinds of amendments. 
72 
5.6 Effect of seed age on sola rization efficiency 
Mature e ds gradual ly 10 e viabi lity during storage (natural aging). General ly, natural seed 
aging decrease germination percentage and slows germination speed (Palma et al . ,  1 995; 
Coin et aL 1 995: Rehman et aI. , 1 999: Kharb and Dahiya, 2000: Renne et al . .  200 1 ). In the 
present study, both natural aging (stored seeds) and accelerated aging (solarized seeds) 
re ulted in the reduction in the germination level and germination speed of P.oleracea seeds. 
imi larly, Machado et aI. (200 1 )  reported that naturally and artificially aged seeds bad 
reduced germination., vigour, and changed in the characteristic banding pattern of proteins in 
Phaseolu vulgaris. 
Seed deterioration during storage and solarization process could be explained in the 
l ight of several mechanisms that were suggested to explain the deterioration in the seeds 
during seed accelerated aging. Similar to solarization, accelerated aging is a physical stress 
that uses high temperature and high relative humidity in control ling deterioration of the seeds 
(Delouche and Baskin.. 1 973: EI-Keblawy 2003a). Begnarni and Cortelazz ( 1 996) revealed a 
disorganization and partial loss of the protein content and the nucleo l i  disappearance during 
period of accelerated aging. Rebman et al ( 1 999) and Bailly et at ( 1 996) attributed the seed 
deterioration during period of accelerated aging to electrolyte leakage, which indicates a loss 
of membranes integrity. Thapliyal and Connor ( 1 997) indicated a drop in the total fatty acids 
content with the increase in time of aging.  In addition accelerated aging induced 
accumulation of malondialdehyde, suggesti ng that seed deterioration is associated with l ipid 
peroxidation that has the potential to damage membranes of the seed tissues (Sung and Jeng, 
1 994). 
Soil seed bank usually contains mixture of fresh seeds and seeds stored for various 
periods. Manipulation of soil seed bank has been considered as a successful method for weed 
management in agroecosystems (Kremer, 1 993).  Results of the present study showed that the 
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efficiency of oil solarization on deteriorating stored seeds was significantly greater than on 
deteriorating fresh seeds of P. oleracea. Final germination percentage and gennination rate 
were lower for stored seeds as compared to fresh seeds. This  indicated that farms ruined for 
several year might require shorter periods of solarization than farms grown and consequently 
infe ted regularly with weeds. 
5.7 Effects of seed sou rce on solarization efficiency 
Results of the present study indicated that seed source, where seeds developed and matured, 
affected the response of seed germination to solarization process. Seeds from UAE 
population were more resistant to solarization than .seeds .from both .Egyptian and Canadian 
populations. The overal l  germination of seeds from Canadian, Egyptian and UAE populations 
decreased from 30%, 22.3% and 37.5%, after 1 5  days of solarization to 1 0.4%, 1 0.6 and 
1 9.7%, respectively, after 45 days. 
Several studies have suggested that environmental conditions prevailing during seed 
maturation have important effects on seed structure and quality (e.g. Roach and Wulff 1 987; 
EI-Keblawy; AI-Ansari 2000 and EI-Keblawy 2003b). It seems that seeds developed and 
matured under warmer environments are more tolerant to the heat of solarization as compared 
to those developed and matured under lower temperatures. The average air temperature 
during seed development and maturation in May and June at the UAE (34.9 °C) was 
sign i ficantly higher than average air temperature during seed development and maturation in 
Egypt (27.0 °C) and in Canada (2 1 .3 °C). P. oleracea was reported as susceptible weed to soil 
solarization in many countries characterized by mild summer, such as in Turkey (Campiglia 
et al . ,  2000; Boz, 2004; Benlioglu, et al.,  2005), Greece (Vizantinopoulos and Katranis, 
1 993), I srael (Horowitz et aI . ,  1 983), but was less affected to solarization in other countries 
having warm summer, such as in Argentina (Bustamante, 2003), California, USA ( Bel l  and 
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lmore, 1 983; lmore 1 99 1 )  and in Mexico (Lira-Saldivar et al . ,  2004). In  the UAE, 
gerrrUnation of P. oleracea seeds olarized for 26 days was significantly greater than seeds of 
other inter eeds. indicating that seeds of P. oleracea are more resistant to solarization than 
most of the winter weeds (EI-Keblawy et al .  2004). Simi larly, plant pathogenic fungi in 
arm cl imate were shown to be more adapted to higher temperatures of solarization than the 
arne pecies in colder cl imates ( DeVay, 1 99 1 ). 
5.8 Effect of soil  depths on solarization efficiency 
The efficiency of soi l  solarization has been shown to be affected by seed depth. Most studies 
have documented that the increase in soi l  temperature resulted from solarization is greatest at 
soi l  surface and decrease with the increase of the soil depth. For example, in Bangalore, 
Kamataka. I ndia. the inereasd in soi l  temperature due to soi l  solarization was greater at a soil 
depth of 5 em (from 8 to 1 4 °C) due to absorption and transmission of solar radiation as 
compared to deeper depths. This was associated with greater deterioration of the weeds at 
upper layer of the soi l  than the deeper ones (Lalitha et aI.,  200 1 ). Similarly, solarization in 
Argentina resulted in maximum soi l  temperatures of 55  and 44 °C at depths of 1 .5 and 1 0  em, 
respectively, which in tum dramatically reduced the emergence and growth of weeds in the 
solarized plots (Lira-Saldivar et aI., 2003). In  addition, soi l  solarization in  Corvall is, Oregon, 
USA reduced annual bluegrass (Po a annua) seed survival from 89% to 1 00% in the upper 5 
em of soil ,  but did not reduce survival below 5 cm. Solarization may have enhanced seed 
survival below 5 cm. (peachey et aL 200 1 ). Further more, in Egypt, soi l  solarization for 6 
weeks reduced the emergence of annual broad leaved weeds, annual grasses and perennial 
weeds by about 1 00% in the upper 5 cm of soi l  and approximately 77, 34 and 7 1  %, 
respectively. in the soil samples from 5- 1 0  em depth (Abdallah. 2000). 
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1 he results of the present study indicated that seeds in the upper layer of the oil (2.5 
em) were more deteriorated as compared to those buried at 7.5 and I 5 cm depth. A 
olarization period of 8 weeks in Rio Negro Argentina, recorded 59% decrease in shallow 
layer's seed bank (0 to 1 0  cm), but only 2% in the deeper layer ( 1 0  to 25 cm) (Bustamante et 
al . ,  2003). This indicates that olarization would result in a greater deterioration of the soi l  
seed bank in the surface layer more than in the deeper layer. Consequently, farmers should 
prepare the soil for cultivation prior to solarization process and should avoid any plowing or 






6. CONCLUSIONS AND RECOMMENDATIONS 
fhis study confmned the positive effects of soi l  s01arization on the production and yield of 
cabbage under UAE field conditions. The positive effects on most of the essential macro- and 
micre-nutrients in the soils are a1 0 supported by bei ng this solarization technique an 
environmentaUy friend technique. This technique is particularly important in the Arab Gulf 
region as it receives higher intensity of solar radiation for lenger periods as compared to other 
rep:ions of the world. 
The present study indicated that selarization process increased germinatien speed ef P. 
oferacea after 1 5  days, but reduced it again after longer period of solarization (Figures 3-6). 
Solarizatien for sherter periods enhances the germinatien and censequently the earl ier 
appearance of weed seedlings that could have greater competitive abi l ity than the crops 
plants. On the other hand, solarization for lenger periods delays the seed germination and 
thus produce seedl i ng with lower competitive ability .  Therefcre, it is recommended to 
perferm the solarization process for longer periods. I n  this case, if weed seeds are not kil led 
by selarization their emergence wil l  be delayed and consequently its cempetitive abil ity with 
the crop wil l  be decreased. 
The most effective polyethylene sheets i n  deteriorating seed germination are the thin 
and medium thicknesses ef the transparent sheets. I t  is strongly recemmended to aveid the 
use of black sheets, which are commonly used in UAE. 
The seeds buried at the soil  surface were greatly deteriorated as compared to those 
buried at 7 .5  and 1 5  cm depths. The results indicated that solarization would help in greater 
deterioratien of the soi l  seed bank in the surface layer mere than the deeper layers. It is 
recommended to prepare the soi l  for cultivation prior to solarization process and to. avoid 
plowing or any kind of soi l  d isturbance that would bring the viable seeds ef the deep layer up 
to the soi l "urface. 
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The practical value of soil olarization, as of any pest management strategy, must be 
as es ed by e eral fa tor , including pesticidal efficacy effect on crop growth and yield, 
economical cost versus benefit, and user acceptance (Stapleton and DeVay, 1 995). The 
present study documented a significant efficacy in control l ing different kinds of weeds as a 
ignificant wel l  as increase in the soi l  ferti l i ty and in cabbage yield and production. I n  UAE, 
farmers leave their fanns during summer without cultivation because of the extremely rugh 
temperatures at that time . .During summer, mulching the soi l  with transparent polyethylene 
sheets would be effective, economical and acceptable by the farmers. This process is simple, 
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